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_— PREFACE

The Acronautical Systems Division's Infra-Red Signature Prediction
Model {ASDIR) is an integrated system of computer programs.

The ASDIR-II computer program has been devcloped fcr computing, by
analytical model, the infrared signature produced by the hot parts and
the exhaust plume of aircraft. The program development was accomplished

§ in two steps. The first step consisted of collecting, evaluating, and

' isolating thosc major sections of existing and available computer programs
which analytically modelled the various major arcas of the overall objec-
tive in a supcrior manner. The sccond step consisted of compiling the
nbove selected program sections, creating an overall control program, and
writing new program elements to complete the required analytical model.

The documentation for ASDIR-II has becn written in three vclumes:
VYolume I - USER Manual - describes the program input and provides the
E user with example applirations, Volume II - PROGRAM DESCRIPTION -
- describes the program and its various f{unctions, and Volume II1 -
REFERENCE DOCUMENTATION - provides the user with essential background
material.
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The work reported hercin was conducted by Capt C. W. Stonc and Mr.

S. E. Tate of the Propulsion and Cuergy Division, Directorate of Advanced g

Systems Design.  Assistance in program shakedown and improvement of o

programing etiiclency was provided by Mr. w. L. Lichtenberg or tne ( %

samc Division. Sample preparation assistance was provided by Lt. T. E. b

Dayton of ASD/ENYW. This effort was conducted during the period 1 July !

B 1973 to 1 July 1975. 1
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INTRODUCTTON

Infrared (IR) encrgy is emitted by hot parts and hot pases.
A number of emitting sources exist in the [teld of view of IR seccking
mivsiles and IR detection systems which are observing an aerospace
systoem {aircraft) in flight. Tmportant omitters include:

Background (earth objects, sky, clouds, etc)
. Hot parts of cngine exhiaust systems.
Hot gascs of engine exhaust (plume).
. Heat exchangers (o0il coolers).
. Scintillated sunlight reflections.
. Alrcraft lights (internal § external).
. Aerodynamically heated leading edges and surfaces.

The radiated energy will contain both eray-bodv Lambertion spectra
and -1lso molecular species spectra. Emitted cnergy rays which pass

qGrough the mixed and cocled exhaust gases will experience spectral
attenuation prior to being exposed to atmospheric attenuation. An
infrared signature of an energy emitting source is defined as the
frequency spectra and distribution in azimuth and clevation of infrared
cnergy cmitted by a radiating sour~ - as the ecnergy enters the trans-
mission media (the atmosphere in casc of aiveraft). ASDIR-II calculates
1ne infrared signature of acrospace systems.

ASDIR-11 was developed to be a suitably accurate but timewisc
and computer-resources-wise practical computer analysis or modeci of
the infrared signature. The details of the computer program arc
pesented and described in volumes 11 and TII of this report.
prirpose and intent of this volume is to instruct the ASDIR-1T 1

i the use and application of the computer model. Example problems
will be found in the Appendix.
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APPLICATION OF ASDIR-1I

Program Operation

Program accuracy, simplicity, and rapidity of execution were
optimized by maximizing reliance on geometric symmetry in the develop-
ment of the plume structure and the irradiance rays. It follows that,
ASDIR-TII is an axisymmetric analysis and the resulting IR signature
is a surface of revolution about the aircraft linc-of-{flight. Points
of IR obscrvance are located in space relative to the signature emitter
by slant range and aspect, where aspect is the included angle measurcd
from the aftward aircraft linc-of-flight. Aspect angles of azimuth
and elevation must first be converted to the axisymmetric included
angle during input datn preparation. Infrared signatures of aircraft
configurations which are not surfaces of revolution must be composcd
of output data of scveral axisymmetric IR signaturcs using the
principles of superposition. N

While the step-by-step directions below will cover the following
points, it is appropriate to emphasize a few pregram features here:

1. Input data are grouped into several categories. Input duta
epte ara coded with TDS nimhore and Tnmnt blocke oves codod itk T
numbers. Input data sets make use of namelist ''reads'" with the

exception of IDS1 which uses formatted ''reads'. All IB data are
formatted.

ves 4L rn

2. When engine hot parts are analyzed in the SIGNIR portion of
ASDIR IT (IHOTEO) the aspect angle sclections are read in at 1B54
and 55. These angies are sequentially sclected by a counter, TCHECK. ]
The sequential selection requires that program control return to a !
point near the beginning of the program for each aspect angle selection
and, thereby, repeating read instruction for IDS-2, namelist CASE. lor
thls reason a bSCASEbS card must be provided for each repeat cycle until
all angles have becen sclected. The angle list can be intentionally cut
short by simply omitting ¢ . appropriate number of b$CASELS cards or by
inserting a b$CASEbTERM= WE.b§ card after the desired number of )
b$CASELS cards. If too many b§CASDbS cards are input, a program stop
will occur when the angle list is exhausted, Each b$CASELS card re-
presents an opportunity tu develop a special output for a single angle
such as a plotting deck, a plume characteristic plot, a spectrum
analysis, or some other output selection. _An appropriate designatior
(i.e., ISPAT=2 to request a plotting deck) is simply cntered on
selected input cards as, for example:

b$CASEHTSPAT=2b$

e s sl o ok kil e s e




be

then neutralized on the next card as:

bCASEbISPAT=0b}
where the b designates a blank card column.

3. Certain input data items are redundant in that they are ''rcad
in'"' by more than onc ''read". Certain other data fall in essentially
the same catcgory in that more than one quantity represents the same

input. Input data which involve redundancy or compatibility and their
input location are sumnarized in Table I.

4. A final data compatibility requircment cxists when an ''input"
states the nunber of items to be entered. It is important to cnter

the appropriate number of valucs so stated. These interactions are
summarized in Table II.

5. Radiance from the engine exhaust nozzle cavity is normally the
most significant part of the overall aircraft IR signature. The
radiance 1s directly dependent upon the geometric “yiew factors, a sct
uf values which is extremely tedious to generate for cach engine to he
analyzed. DProvisions are included in ASDIR-II for gencrating these
view factors as punched card output ir a view factor computer run.

For the view factor computer run IB49 through 53 and all IDS input
{rom IDS-2 to IDS-6 may be excluded from the input string if the
program execution is requested to stop after punching the view [actors.
inputs required for punching view factors and rcquestlng STOP include
all "IB" data up to IB48 and specifically:

IDS1 bb03

1B7 bh0x-1 Note: Surface node temperatures
are usually not known, so
x will usually be zero.

When the view factor cards have heen punched,

t!
“y the input as IB10 and 1Bll. [n addition IDS1 and
1 .

1wy must be incliided
iB7 requirc revision

IDS1 bb01
187 bb0x01

fur resumption of Il signature program execution,

.
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TABLE I INPUT COMPATABILITY REQUIREMENTS

INPUT QUANTITY

Stream total temperatures
(of primary and secondary
flow)

Overall nozzle length
Nozzle exit dimensions
Stream total pressures
Stream flow rates
Ambient pressure

IR wavelengths

Scenerio

NAME
TEMPO, TW
TTP, TTS
TTPN, TTSN

X2, X10, X20, TPL, XF
ANL

Y2, Y10, Y20, AACT
RPN, RSN, RP

PTP, PTS
EPR, FPR

WP, WS
WAPAC, WASAC

v m—

AL LE LY

BAND1, BAND2
AMI, AMF, IFILTER

ALTPIM, ALTOBS, RANGE

INPUT_LOCATTON

1BS, 1BY
1B43, 44
1DSS5

B4, 5, 6, 12
1DS2

184, 5, 17
IDS2

IB43, 44
1DS5

1B43, 44
IDSS

IR45
1052

I1B57
IDS2

IDS2
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TABLE I1 INTERACTIVE TN
LOCATION OF wnpt:
INFUT_QUANTITY NUMBER OF ENTRILS DATA
Noi.zle geomet ry 1B3 1B4,5,8,10,11,13, 14,15
16,20,24,27,33,41,43,
44,47,49,53
Fluid nodes IB8 B9
Transpiration cooled nodes 1B24 IB25, 26
Fitm conled nodes IB27 IB28, 29, 30, 31, 32
Convection-{ilm nodes 1B33 ' 1B34, 35, 36, 37
- Cooling Data table IB38 IB39
x Maltiple fluid nodoe surfaces 1841 IB42
Objects protruding into streams 1B47 1848
' Conduction paths 1B49 IB50
] Special fluid nodes IB51 IB52 ;
Aspect angles 1B54 IBSS
The following input are in IDS-2:
Observation pointes NRANG ALTOBS (1) j
, RANGE (1) C
L Ext~=nny radiating arcas NEXT LARFA(1), j
' ETEMP (i) :
Extuanal nozzl;z plug coordinates NP X, Rp . |
o
T
' 6

.
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BASIC ASDIR-T1 AIRCRAFT CONFIGURATION

The aircraft configuration most simply represented by ASDIR-TI is
axisymmetric, singlc-engined, and gas turbine powered with no external
parts shielding or blocking the view of the hot exhaust nozzle opening
or the plume. The IR signature of this basic configuration is completely
develaoped by simply preparing the input data in accordance with the in-
put data instructions below.  The output can include listings of
spectrally and snatially resolved radiance, pluome gas parameters and
specics, cquivalent black body arca and temperatures ol the nozzle
exit planec, etc., or line printcer plots or Calcomp Plotter punched decks
as directed by output control paramercrs sclected and given in the input,
A Calcomp plot of a spatially resolved IR signaturce is included with
example problem 1, Appendix A, (Calcomp plotting routines are not in-
cluded as part of ASDIR-II).

Included in the program initialization arc appropriate input
quantitics which describe a generic basic coenfiguration plume-only
sample case.  The sample IR signature covers the band from 2.0 to 2.1
micrometers (M) wavelengths.  The short version output of the sample
case is nrovided in the Apnendix and at the end of the vroorum listing
for those uscrs wiho have obtained their own copy of the program. The
sample case can be exercized by the following five input cards:

1. bb0000

2. Db$CASEbS

3. b$PLUMINDS

4. h$POWERD$

5. b$CASEbTERM=.TRUE.b$
where the first b is in columnu one. The § represents the CDC 6600
namclist syntax. When cxecuting ASDIR-IT on another computer systom,
the namelist format and syntax of that system should bhe used. The

sample case¢ is executed in 4.5 seconds on the USAF/ASD computer
center's CDC 6600 computer using SCOPE 3.4.3.

PP W P = NPWEIRDT RO
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PRACTTCAL Ait RAIT CONE DT TONS

Since ajreralt conligaration of practical interest are considerahly
aore complex than the basic configuration censidered in the ASDIR TI
model, more effort in prooaring input data and combining output data
111 be required Tor their representation.  Common additional input
data preparation will require:

. hand prepared external surface cmissivity weighted arecas
(ABE), and temperatures (IBB) representing oireralt compo-
nents for cach aspect angle (ASPDEG, resolved from
azimuth and elevation) to be considered.

. hand prepared shielded hot part arcas {ABB) of engine
internal hot parts for each aspect angle to he considered,
Shiclded hot part areas are cxpased engine part arcis as
output hy SIGNIR but are partly or wholly shiclded by
aircraft components such as the empennage.

. (Phume radiance cannot be partially shielded conveniently.
Complcte shielding of plume radiation, und its attenuation
influence, cin be achicved by scetting IRADCK= in 1D 7).

Additional output data preparation which vill be commonly roguired

5 the summming of results of several computer runs. A twin engine con-
fignration signature can be developed, for example, by doubling the
results from a single engine computer case.  Supposce, further, that cach
apgine is shielded differently by aircraft components. In this cooe,

vach engine with its partica’ar sl “ding pattern would be put on the
conpater separately and the results added oo form the composite whole
stgnature.  For a malti-engine (i.c., four, six, cight, ctc,) confighration
more single engine cases will b required.  The developnent ol an engine
less aireraft (TRADCK=2) signature to be added to the several shiclded
enginc-only signatures is a practicable approach and reduces the probability
of dpadvertantly mcluding 2 component more than once.

The preseribed teciviigue of superposition of signatures doci involve
«mal] bur unknown error u the composite sipnaturce in that some sircraft
voulponents, engines, or phaes may be scen through plumes of near cngines
1osome viewing aspects,  This crror can be considered, in certain instances,
w~ concing the results to be conservative.  Also, this error wil! tend 1o
Vwa bt asoa finctlon of ranpe as atmospheric attemation cnectrally
sreerhs propross s oo b wore enoroy,

et kA s o




P - ;v Pa— v v R LRIy T T e
e 'P‘W’WI'WT’"— ———— v vy TR TSR NP Y T Ty W T VAR O TR LR

__,,__.__ag---m<a-nn----n------..~

o
86
PROGRAM CONTROL SCIHEME

:g” Program control parameters are included in the input data for sclect-
o ing the various program functions as well as the [/C functions. The pro-
é gram (and input requirements) control logic flow dlaglam is given in
& Figure 1. The six control codes are:

. IHOT . ICHECK . IRADCK !
ﬂ;; . NELW . IFILIER . KDATA

The details of THOT ure discussed in the Preparation of Input Data
Deck sectioui.

NFLW is an automatic control which alerts the program to the fact
that it is processing the first of many scquential calculations.

When the program begins ity second sequence, the NFLW control is ‘
changed from 0 to 1 to indicate to the program that preliminary cualcula-
. tions have been made and that most read directives need not be repeated.
&, NELW is included in the input (IDS-2) but it serves no purpose for the
nropram user and shanld, thorefore | he omitted and ignored,

ICIIECK is an automatic counter which selects the sequential calcula-
" tion quantiiies ASPDEG, ABB, and TBB. In addition, whec ICHECK is <O, ;
namelist CASE is written in the output, ALTOBS and RANGE inputs arc con-
verted to urits of kilometers, and AMI and AMF are admitted to operational
computer registers. These functions make ICHECK convenient to rebegin the
ASPDEG scquence with or without a new set of ranges, observer altitudes,
o~ IR band wavelengths. 1

IFILTER designates to the computer that a filter is used in conjunc-
tion with the IR sensor. Either preloaded filter characteristics shown
: : in figs 2 through 6, can be designated or filter characteristics can be
s : input in 1DS-4,
: When a filte
over-written by the fi
is read when IFILTER<O.

R band designators in IDS-Z are
hs. The nameiist FILT in IDS-4

KDATA is normally not used for input control, although it posscsses
2 the potential to affect a read of plume structure data from tape or punched
E cards which had been produced by a previous computer run. The normal
utility of KDATA is to select output options as explained in the Preparation
of Input Data Deck section.

Several output options are available in the program such as spatial
and plotting punched card output, ctc. Each is explained under its control
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—>={ NAMELIST FILT

DS 5
KDATA NO . | NAMELIST PLIMIN
> 9599 —

ot

NAMELIST POWER

]

KDATA ™.

NO IDS 6

<ongp
7

PLMGD (INPUT)

Figure 1. Input hata Sct Logic Tree

10

PR ERRPI R B TR

e st e e A Amifak e e s el




. (:
4 g
o 1;

;
i
-4
o
- |
- Q
HL ! ..: T T R T i
(9] 1
i !
N / {
- uwj i }
(D +
Zf.’) i
Em
w o]
u ;
m H
u — o E)
. =0
.“ Hi’ﬂ
& = !
SA d i
. ™ i
3 - 1
e © i
“ s i
¥ - ‘ : !
. g N "L—\_ ‘
, 1 1 T ]
Q.50 2.00 2.50 3.00 3.50 4.00 4,50 6.00 5.50
WAVELENGTH. MICRONG
. 1
BAND 1 i
! Figurc 2: Filter characteristics designated by IFITTER=1. :
i 11 /




-]
g, & -
Loy
Y

»
[
WP, iy O

=
C

1.C

3G

1.

.5l

|

o
RSy
=
-~
~
L)
_ -
- i Rt Ns A ot i s

—— e

IVE RESFOMNS
C.43 g

RELRT]

[¢]
] €3 ‘g
P . !
L : ;
t I
, \ 1
e . \ !
] ‘ !
mssmsar l .
- 1o i |
o e S~
Sy s (3
. (&)

p— .._,]h,-_.._f,, it Sttt ——*.\1 e N e e
3 1.5 2.00 250 3.00 3.56 4.00 A.nG 4. G0
- WAVELENGTH MICRONG

| | BAND 7
- . Figurc 3:

ki e - m =

Filter characteristics designated by IFILTER=2.




i !
i
= - e
E= a
}
. 1
imie . !
L
S
-
AR s
.4 !
o

€3
«

F o
1.0
1
{
‘l
|
|
. 4 '_‘__, A,‘_A.A;_,_..-n.-‘-t‘l-

W
%)
=z ;
G 0“113_1 ‘:
(o R =] :
w 1
: o= - !
e 1 [ P!
=0 !
o i
5" i
- _i
= o :
= 1
[ =] i
(&' . ‘1
i o] ‘;
— AT ;
g N
o 7 — - — = —t— oot
1.50 2.00 2,50 3.00 3.50 4,00 4,50 0. Go 5.RG
WAVELENGTH. MICRONS C
i
i
|
Yo BAND 3 )
Figure 4: Filter characteristics designated by IFTLTER =3. %
1 -
7Y |




-d

e e s s bt

<

®
PCNE
50

£ [ S]

!
£

|9
. 5 [
‘ g . CJ"*“' T P~ ey -
1.0.0 Z.00 ¢. 50 3.00 3,50 4.00 4,60 L. 0 !

WRAVELENGTH. MICRONS

it SR

= BAND 4

| I
,
e e i

‘ Figure 5: Filter characteristics designated by IFILTER =4,
. I
o 14 .
! .
A Lo




3.30

A

kL

RELARTIVE RESPONSE
G.4Q

.20

9]

T

WAVELENGTH,

Figure 6: Tilier characteristics designated by [FILTER =5.

3,

A e ik 3 caazat -k itdhioutid il




cg-.‘l
)
® code in the Preparation of Input Data Deck section. The output options
control codes arc:
Print Control Card (IB-2)
" KKKI (IB-7)
. K50, NPLOT {IB-56)
: IL (IDS-2)
ISPAT (IDS-2) -
ITAU (1Ds-2)
KDATA (1DS-2) 1
: i
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!
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PREPARATION OF INPUT DATA DECK

The description of the aircraft and background must be detailed,
arranged, and punched into an Input Data Deck. The Input Data Deck
is organized in two categories; Input Data Sets (INS) which arc pre-
dominately in namelist format, and Input Blocks (IB) which are formatted
for computer rcad. The IB's arc prepared exclusjvely to satisfy the
. internal hot parts (SIGNIR) input requircments. In preparing the IB
input cards, it is particularly important to provide every card requested

— even if a given card is blunk.
- The instructions for the preparation of each input card are given
—— below in the secquence requived for input ''‘read" by the program. For 4
s F input Data Decks which involve logical branching, as depicted in TUigure 1, )
instructions arc provided below at the branching points to indicate the . ;
ﬁﬁ;j next required input.

Cross refercence to relevant input are aiso provided
to assist in compatibility of input data and avoid anomalies such as an
engine operating at 40000 [t altitude in an aircraft {lying at 10000 ft.

Every Input Data Deck will begin with IDS-1.
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1DS-1

THOT (2X,I2) Initial program control directive declaring the exclusion
or inclusion (and mode) of engine internal hot part analysis. For
proper directives, enter:

bbU0 - To bypass internal hot parts calculations. Provide ASPDEG,
ABB, TBB, ALTPLM, and engine operation data in IDS-2 and
IDS-5 from previous ASDIR runs or other informaticn sources
(if required data is not available, sece next directive).
Skip directly to IDS-2.

bb0l - To enter internal hot parts calculations. Omit ASPDEG,
e ABB, and TBB in IDS-2. Insure compatibility among IB4,

5, 6, 9, 12, 17, 43, 44, 45, 57 and IDS-2, 5. Skip directly
y to SIGNIR.

ki paunaat I

bb02 - To bypass internal hot parts calculation and enter SIGSUB.
Omit ABB, ASPDEG, and TBB in IDS-2. As for the bb0l code {
instructions, insure compatibility. This code is prefeired
over bb00 for rerunning previously run flight conditions. 1
Proceed directly to SIGSUB.

bb03 - To acquire geometric view factors. It is usually desirable
to punch the view factors by use of bb00-1 in IB7, Inclusion
of IDS-2 through 5 is not required. (Sce IB7 for alter-
natives). The IHOT-bb03 code together with KKKI= -1(IR7) are
required to STOP operation after punching view factors. Skip
directly to SIGNIR,
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e = SIGSUB
S This portion of IDS-1 provides the oatput of SIGNIR but does not invoke 3
. the calculation of SIGNIR. SIGSUB is a couvenicnt way of entering dala which F’i
L3 had been computed and printed in the output in a previous run. SICGSUB is “
accessed by II0T=bh02, Enter up to twenty (20) combinations of aspect angle, i
_ equivalent radiating area, and effective black body temperatuce in the follow- i:
;‘ ¢ ing substitute IB formats: |
[ ] I
SIB1 !
ﬁ NANG = Number of combinations of axisymmetric included 7
e aspect angle, radiating area, and radiating
- temperature.  (up to 20)
o Tnput format 2X, 12
. !
U : SIB2 |
[— AX = Equivalent radiating area representing a discrete —I
portion or tne observer's tield of view. {bq. Un.)
ATX = Effective black body temperature of arca AX |
(Deg. X) t
}
) 4+ AA8 = Axisymmetric included aspect angle of observer o
I relative to the aircraft aft line of flight. (Degrees)
Input format 3F10.5 ,
ot Repeat SIE2 for cach value entered in SIBI.
S e Bypass SIGNIR and procecd to IDS-2.
N 4
ak
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STGNIR

The inputs to SIGNIR are to be prepared under [ifty-seven IDB formats
of which manv are repeated in input data loops as nccessary to read in
similar data. These data constiture the geometric and (low details of the
hot aft ¢nd of engines [rom the turbine discharge to the nozzle exit.
Several modcs of nozzle ceooling are offered for analysis by the program
as well as puths of conductive, radiative, and convective hcat transfer.
The peamctric view lactors dare generated by SIGNIR.  In the instructional

steps below, cach clement of data required is described and certain repeat
loop notations are made.

IB1

|
TITLE = Title cards. User is allowed 80 spaces per each of ; ;
I 0 vards 1o wiito this literal dufuimatiui, 5 wdrds are Jugulied. A
; 14 less than § cards are needed, supply the rcmainder with biank
cards,

Input format 20A4 1

i = -
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: IB2
’ r , — -
Print control card. For radiation results only,
input a blank card. For additional print-out,
input a 1 for each of the following parameters to
s . be printed.
' PRINT1 = Print control for stream compressible flow information.
: PRINT2 = Print control for surface boundary layer information.
PRINT3 = Print control for surface node average heat transler
coefficients.
PRINT4 = Print control for fluid node tempcraturcs.
PRINTS = Print control for surface cooling results.
PRINTO = Print control flor internal geomctric view factors.
PRINT? = Print control for teuperatures of all configuration
nodes.
PRINTS8 = Print control for the confipurations xternal view
: factors.
n PRINT9 = Print control for radiation results umattenuated by
; atmosphere.  Also see K50 in IB56.
PRINTQ = Print control {for force factor information. ,
Input format 2X, 1012
S — N— e e 3
:
oo
.
1
{
i
i ) .
IB3 K
y i
NN = Total number of fluid streams. (up to 5) l
- NNN = Total number of surfaces. (up to )
! N = Total mmber of surface nodes. (up to 44)
s NQ = Total number of entrance-cxit nodes. (up to 5) b
NNNN =

Axis node indicator (input 1 if node exists; if not,
- input zero). .

Input format 2X, 5I2
Y 4
Fa ‘ i

i 21

©,




f%-%
-2
: IB4
=

Physical data nevessary to describe the surface
nodes and axis node. Each card represents infor-
mation for one node,

X1 = Node upstream axial coordinate. (in.)

Yl = Node upstream radial coordinate. (in,)

X2 = Node downstream axial coordinate. (in.)

lY? = Node downstream radial coordinate. (in,)
| VECT = Node surface orientation parameter. (1{ node
o represents outside surfuce of the frustum of a

cone, input +1.; if it vepresents inside «urfacc,
input a -1.; axis node has value of +1.)

NOnE = Node number. *

ISURF = Surtace number on which node is located.

Input forn 't 5F10.5, 272
*
-“=

' l Repeat TB4 for each surface node (up to 44) § uxis node if one exists. \

755 i * Assipn a is node number to he one greater thon

| final {luid node number. 4AJ J

185 o
b
! Fntrance exit node. Tach card represents information ) :
' for onc node. Tor a *"sk node the upstr -um coordinate |
correspond to the coordinate «7 the disk inner ring. i
X10 = Node upstream axial coordinate. (in.) ;
Y10 = Node upstream radial coordinute.  (in.) ' }
X20 = Node downstream axial coordinate. (in.) 1

Y20 = Node downstrecam radial coordinate. (in.)
gVFCFO = Node surface oricntation parumcter. {
: ! } i If node is an exit disk node, input +i.; i{ it is an 3
S . . entrance disk nede, input -1. If node is not a disk, i
- ; ; follow the convention of VECT provided in 134. H
' { TRMPO = Nodc temperature.  (°R) {
e : | {0PEO = Node number. .
: | Input format 6F10.5, 12 f
= , }
N , i
: i
3
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Repeat IBS for each entrance-exit node.
iB6 l
TPL = Total axial length of the system. (in.)
Input format F10.5

187

KKI = Surface node temperaturc indicator; (input 1 if

surface node temperatures are input; if not, in-
put zeroj.

KKKI = Internal geometric view factors and surface node

arcas indicator (input 1 if they are input; 1if not,
input zcro, input -1 if they are to be punched},

NOTE: fthe calculation of geometric view factors is lengthy and
minimization of repecat calculations should be applied whenever
possible. The early use of -1 in KKKI is reccommended. bb03
is required in IDS-1 and IDS-2 through 5 can be omitted for this
run. KKKT = -1 calls for a computer STOP after punching the
view factors.

TE v onfamn ovnda $rmmmmsmerdaenan o i ok Dola T . oTmna . Y Inn
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Input format 2X, 212
1B8 Y
NNAT = Total number of fluid nodes and special fluid nodes
if any (up to 30).
Inpul sormat 2X, I2
1B9 Y
q ™ = Surfacc node tumperaturcs (OR)

- Bach card will contain a maximum of 8 temperatures.
Temperatures must be input according to the numerical
order of the nodes; i.e., the first will be the tempera-
ture of nodec 1, the cighth the temperature of node 8.
This is a very sensitive paramcter; sce Table I.

Input format 8110.5
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IB9 is repeated until all surface node temperatures, entrance-exit
nodes, fluid nodes and special {luid nodes have been input, 8 toc a
- card, up to 79 values.

1

1f internal geometric view factors are not input, bypass I[B10 and
IB11.
L

Begin loop 1 on IB10 and IB1l. The number of times this loop will
be operated is equal to the total number of surface and entrance-

W

- exit nodes.
: E!
3
= . #

[B10

F = Internal geometric view factors. {
Input node view factors (node corresponding to the A
- nunber of times through loop 1) to all numerically !

higher surface and entrance-exit nodes in a numeri-

cal order; L.e., if third time uwougii ivop i, view

factors would be input as from node 3 to 4, 3 to 5,

3 to 6, etc. Repeat this card for the given node to
the other nodes, 8 values to a card.

Input format 8F10.5
1B11 v

AREA = Surface area of the surface node or the entrance-
exit node that corresponds to the number of times
through loop 1. (Sq. in.)

L Input format 1F10.5

| !

e memaman e

o ) I'ND of LOOP 1; Return to IB10 or proceed. f
i - ~ ! e |
| Tf surface node temperatures are not input, go to
i B4,
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= IR12
- . XF = Axial distance representing end of fluid strcam, NN.
* (Begin with the first fluid stream). (in.)
¥ Input format 1F10.5
IB13 I
FJSURF = Upper surface number and then lower surface number
corresponding to the {luid stream of IB12
,g Input format 2X, 2I2
£ Repeat 1B12 and IB13 for each flow stream.
r L _— —- -
:’ £
Go to IB53

IB14

KSURF = A surface number.

NZ = Total number of surface and axis nodes along that
surface.

KOOL = Counter to define cocling along surface. Input

one of the following:

0, for nc cooling, !

1, for transpiration cooling,

2, for film cooling.

3, for convection-film cooling, counter flow
configuration. :

4, for convection-film cooling, parallel flow
configuration. :

Input format 2X, 312
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1BI15
NODLN = All surface nodes along the surface (KSURE) above.
Input fommat 2X, 2012
— h
Repeat 1B14 and 1B15 for each surface, NNN.
Begin loop 2 which incorporates IB16 through I1B40.
This leop will identify fully the fluid sireams,
their surfaces and surface cooling if any. loop 2
u will be operated once for each fluid strcam, NN.
iB16
Y
ISTREM = Fluid stream number.
K = Type of fluid stream. Input one of the following:
0. for socoindary stream.
1, for primuary stream.
z, for mixed stream.
KK < FInig stream exit indicator. Input one if the
“.id stream does exit to ambient surroundings
or 0 if the stream does not.
Mot = Axial location representing start of fluid strcam.
(in.)
XF = Axial location representing end of fluid stream. (in.)

If the exit node is not a disc and XK=1, sct XI to the
smaller of X10 and X20(IBS) and AACT(IB17) to the rclated
fluid stream cross scction arca.

Input format 2X, 312, 2X, 2F10.5

«

1f the above fluid stream does not exit to the ambic.t
surroundings, go to IB18.

s e ol 1




IB17

il

AACT = Cross sectional area of the fluid stream exit.
This is the end of the tailpipe for the fluid
flow stream in IBl6. (Sq. in.)

Inpnt format 1F10.5

IB18 l

N Total number of fluid nodes within tbis fluid
e stream.

2

Input format 2X, I2

1B19 l

NODEN2 Fluid node number. *
KIK Type of {1luid node. Input one of the following:
0, for secondary fluid uode,
1, for primary or fully mixed fluid node.
| XX2 = Approximate axial coordinate which represents the
mid-point of the fluid node. (in.)

Input format 2X, 212, 4X, F10.5

’

' Repeat IB19 until all the fluid nodes for the fluid
stream of IB16 have been entered.
* Numbered consecutively after surface node numbers.

o !

; Begin loop 3, an internal loop to be executed 2
times for each time through loop 2. Once for each

of the surfaces that border the fluid flow strean

in IB16. This loop incorporates 1820 through 1B40.

i

L]
ok a a Tl b e A koAb

BSOS




‘”‘”

IB20

JSURF = Upper surface nmuwber then lower surface mumber
boardering the {luid strecam in IB16.

KA = Type of fluid stream immediately adjacent to the

surface. Input one of the following:
0, for secondary strcam.
, 1, for primary or fully mixed strcam.
THETA = Initial momentum thickness of the surface boundary

layer. Input a valuc of -1 if the surface did not
begin with the {luid stream of IB16. If the surface
does begin with this fluid stream, input a known
initial value or a best estimate. A value of approxi-
mately .001 inches might be expected for these sur-
faces. (in.)

HIA = Initial flat plate shape factor for the surface
boundary layer. Use the same criteria for this
parameter as for THETA; a -1. if the surface does
not begin with the fluid flow stream. An approxi-
mate value of about 1.3 might be expected for this
parameter. (nondimensional)

Input format 2X, 212, 4X, 2F10.5

If there is no surface cooling on the entire surface of
1820, bypass IB21 through IB40.

"

W s
&

_ ¥

If the surface cooling information for the surface
of IB20 has been input earlier in loops 2 or 3, by-
pass IB21 through IB40,

28
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1B21

TISC = Total tomperature of the coolant supply fluid for
the surface in IB20. (°R)

RSC = Coolant supply fluid gas constant (ft. 1b./1lb. °R)

GAMASC = Coolant supply fluid specific heat ratio,

CPSC - = Coolant supply fluid specific heat (BTU/1b. °R)}

WSET = Coolant supply fluid flow rate, (1b./sec.)
If this parameter is to be computed, input 0.0.

TS = Temperature of the hcat source adding heat to the
coolant supply fluid in the coolant delivery system,
(°R). If no source exists, enter 0.0,

UA = Overall heat transfer cocfficient between heat
source and coolant supply fluid, (BTU/hr. °R). If
no heat is transferred enter 0.0.

Input format 7T710.5
VU
If coolant supply fluid flow rate is not to be
calculated, bypass IB22,

1822 +

PTSC = Total pressure of coolant supply fluid source.
(1b./sq. in.)

K12 = Pressure loss parameger for the coolant delivery
system, Kiz = gAP/W 12 1b./sq. in./(1b./sec.)®

N12

= Pressure loss exponent for the coolant delivery
system. ng, = Ln(oAP/Klz)/Ln W (nondimensional)

Input format 3F10.5

|
'

If surface is convection-film cooled, go to IB33.
If surface is film cooled, go to IB27. If surface
is transpiration cooled, go to IB23.

29

1i

i

i

h D ST O

-
-3 .

it A e & e




s
PR
o
r.-';
-
—— lj
-
oy
b
= X

i

[P TIR Y

IB23
K23 - = Pressure loss parameter for the coolant discharge.
K23 = 0aP/W%> 1b./sq. in./(1b./sec.)™
N23 = Pressure loss exponcnt for coolant discharge.
n23 = Ln(cAP/K23)/LnW (nondimensional)
PORS = Ratio of the surface cooling matcrial. (Percent of
open surface area to the total surface area).
Input format 3F10.5
1824 l
MA = Number of surface nodes that make up the transpiration
cooled portion of the surface. (The transpiration
cooled surface is that portion of the surface that ex-
tends from the upstream coordinate of the transpiration
material te the downstream end of the surface.)
(up 0 20) oyt format 2X, 12
1B25 l
Y
LX = Surface node numbers of the nodes that make up the
transpiration cooled surface. Modes are input in
the increasing axial direction. (up to 20 values)
Input format 2X, 10I2
IB26 l
XN = Axial coordinate of the surface node representing
part or all of the transpiration material (in.).
YN = Radial coordinate corresponding to XN, (in.)

For XN and YN, input upstream coordinates of each of

- the nodes and in the order listed in IB25. Then input
. the downstream end surface coordinates. Repeat this

card for these coordinates, 4 sets of data to a card.
Input furmat 8F10.5

N SR




) Bypass IB27 through IB40.

IB27
NUM = Number of film cooling slots {(up to 20)
MA = Number of surface nodes that makeup the film cooled
portion of the surface (The film cooled portion of
the surface is that portion of the surface that ex- ]
tends from the start of the cooling through the down- '
stream end of the surface.) (up to 20)
Input format 2X, 2I2
1B28 V
NODIN1 = Surface node numbers of the nodes that makeup the :
- film cooling surface (up te 20 valucs) !
(The nodes are input in the increasing axial direction.) ;
v Input format 2X, 10I2 1
IB29
= LX = Number of cooling slots for each node. (The amount of '
data entered on this card will be equal to the number Co
of nodes, MA, of IB27.) -
. Input format 2X, 10I2 ’ |
L IB30 . i
' e S = Slot height of film cooling slots. (in.). The order ‘

r - of input shall be in an iicreasing axial direction. The |
, total amount of data entered will be equal to the number

g of slots, NUM, in 1B27. Each card will contain a maximum
; of 8 values,

Input format 8F10.5
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1p31

XN = Axial coordinate of a cooling slot, (in.)

YN = Radial coordinate corresponding to XN, (in.)
For XN and YN, input the coordinates of each of
the cooling slots and then the coordinates of the
end of the surface. Each card will hold 4 sets
of data.

Input format 8F10.5

1B32 £

CDX = Film cooling, slot discharge coefficient for each surface
(up to 2) Input format 1F10.5

Bypass IB33 through IB40.

1833

NUM = Numbcr of convection-film cooling slots (up to 20).

NB = Number of convection-film cooled shingles with
heat exchangers plus 1 for any surface that cx-
tends beyond the last heat exchanger (up to 20),

MA = Number of surface nodes making up the convection-

film surface (up to 20V,

(The convection-[ilm surtace is that portion of the
surface that extends from the start of the sur(ace cool-
ing through the downstream end of the surface.)

Input format 2X, 3I2

PRI S O

If convection-film cooling has a parallel flow con-
figuration, pgo to IB35,

32
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XN = Axial coordinate for cooling. (in.)

YN = Radial coordinate corresponding to XN. (in.)

S = Height of the cooling slot. (in.)

K5 = Combined turning and exit pressure loss parameter

(1b.sq. in./(1b./sec.)?
Input format 4F10.5

-

Repeat IB34 for each (up to 20) of the cooling slot coordinates; for the
end coordinate of the last heat exchanger, and the coordinate

for the downstream end of the surface if they do not coincide

with those of the end of the last heat exchanger. Use S = 0.0

and K5 = 0.0 where coordinates do not represent a cooling slot.

Go to IB36 .J
1B35
Xy = Axial coordinate for cooling. (in.)
YN = Radial coordinate corresponding to XN. (in.)
S = Height of the cooling slot. (in.)
K5 = Combined turning and exit pressure loss parameter.

(1b./sq. in./1b./sec.2)
(Uses S = 0.0 and K5 = 0.0 where coordinates do not
represent cooling slots.)

Input format 4F10.5

'

Repeat IB35 for the upstream coordinates of the first
heat exchanger, for each (up to 20) of the cooling slot
coordinates, and the coordinate for the downstream end of
the surface.

33
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IR36

NODENL = Surface node numbgrs that muieup the convection-film
ceoled surface. (The nodes are input in the increasing
axial direction, up to 20 for cach of up to 2 surfaccs)

Input format 2X, 1012

1B37

X = Number of cooling slots for each node. (The amount
of datu entered on this card will be equal to the
number of nodes, MA, in IB3%, up to 20 for cach of up to
2 surfaces) .t format 2X, 1012

If this is not the first set of convection-film data
entered into this program, bypass IB38 through IB40,
TR38
3

NN1 = The number of sets of points making up the convection-

film cooling heat exchanger parameters table. (up to 21)
Input format 2X, I2

1839 *

RENL = Reynolds number for the flcw through the heat cxchanger.

HXP1 = Heat exchanger parameter, h anZ/S/G Cp corresponding
to REN1 above.

Fl = Heat exchanger friction factor corresponding to REN1

Input forma

above. (up to 21 values cach parameter)

1 11210.5

L oJaa
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Repeat IB39 equal to the number of sets of points,
NN1 given in IB38,

IB40 L

HXT = Plate-fin heat exchanger thickness. (in.)
AR = Plate-fin heat exchanger flow to frontal area ratio.
SVHX = Plate-fin heat exchanger heat trunsfer area tc volume

between plates (ft.-1).
HD = Plate-fin heat exchanger hydraulic diameter (ft.)

Input format 4F10.5

'

i End of loop 3; Return to IBZ0 or proceed.

e —

nd of loop 2; Return to 1B16 or procecd,

| e — e

1841 Y

IC5 = Number of surfaces that are associated with more .
than one fluid stream (up to 5) i

Input format 2X, 12

¢

If there are not surfaces that are associated with
more than one fluid stream, go to IB43.

1B42

ICSURF = Surface numbers of those surfaces that are associated :
- with more than one fluid stream., The amount of data '
entered on this card will be equal to ICS entered on

IB41. (up to 5 values)

Input format 2X, 1012 i
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1B43

PTP = Total pres.surc of the hot fluid stream. (1b./sq. in.)

TTP = Totul temperature of the hot fluid stream. (°R)

RP = Gus constant of the hot {luid stream. (ft. 1b./1b. °R)

GAMMAP = Specific heat ratio of the hot fluid stream,

WP = Fluid flow rate of the hot fluid stream, (1b./sec.)
(Inter 0.0 for each of these parameters if the configura-
tion contains no primary fluid stream.) (See Table )

Input format 5F10.5

IB44

['PTS = Total pressurc of the cool fluid stream. (1b./Sq. in)

TIS = Total temperature of the cool fluid stream. (°R)

RS = Gas constant of the cool fluid strcam. (ft. 1b./1b. °R)

GAMMAS = Specific heat ratio of the cool fluid stream.

WS = Fluid flow rate of the cool fluid stream. (1b./sec.)
(Inter 0.0 for each of thcse parameters if the configura-
tion contains no secondary fluid stream) (Sce Table 1)

Input format S5F10.5
1B45 Y
PAMB = Ambient pressure. (1b./sq. in.)
Input format F10.5
1246 i
NODIM = Surface or entrance-exit node.
NODEF = The fluid node that is next to NODIM.

Repeat the information above for all(up to 50 surtace
and entrance-cxit nodes. Tach card contains a maximm
9 scts of data. Make N+NO(TB3) entrics,

1
L IvLT Wi

Input format 2X, 3812
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i Begin lcop 4 on IB47 and I1B48.  This loo) will
be executed the same number of times as there
g are fluid streams in the configuration.
s IB47
K IA = Number of sets of points (up to 50) to describe i
e any nonaxisymmetric area lumps existing within caca §
i (up to 5} fluid stream, taken in sequence,, '
Input format 2X, I2 i
. . Y . - —
If there are no nonaxisymmetric area lumps within
' the Tluid stream, bypass IB4§.
.
IB48 i
XA = Axiat coordinate for a nonaxisymmetric area Twump. i
(in.) :
N AREAM = Curresponding amount of cross-sectional arca within i
& the {luid stream that a nonaxiswimetric area lump i
takes up at location XA. Input XA and AREAM for the
number of points, IA, entered in 1B47. Each card
holds 4 sets of data. 4
Input format 8F10.5 |
End of loop 4; Return to IB47 or proceced ‘
If IHOT=03 (IDS1) and KKK1=-1 (1R7), terminate the Input Data
P Deck here. Program rxectition will stop for insertion of view |
" factors in IBIO and 11. i
N If surface node temperatures arc input, go to 1R53. J 3‘
o | ~ '
Y - 1B49 + !
“> NCK = Number of conduction paths that do not involve a ‘
fluid Stream_(up to 79’N(I"3)) ;
Input format 2X, 12 i

e A L e e

et e et . St s i+ e e = = - s
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. 4 If no conduction paths
| go to IBS3,

S .
: IBS0

NODE1 = Surface node involved in conduction.
NODE2 = Surface node or special fluid node which completes
the conducticn path from NODEIL.
HTARY = The overall heat transfer coefficient between NODF1
and NODE2. (BTU/hr. °F) .
Input format 2X, 2I2, 4X, F10.5
, i v
i Repeat IBS50 for the number of conduction paths
entered in IB49.
. |
I :
,,,,é §
TDEY
Aot A, '
NN = Number of special fluid nodes (up to 79-N (1B3)) ‘
1agnt format 2X, I2
If no special fluid nodes, go to TBS3.

-l 3
o 1B52

NODE1 = Special fluid nocde number.
. , ; T = Temperature of special fluid node number NODE1 (Deg. R)
i
s : . Input foermat 2X, I2, 6X, F10.5

e s Am ke A e M b
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Repeat IB5Z for the number of special fluid
nodes entered in IB5S1.

IBS3 Y
mM = BPmissivity of surface und entrance-exit nodes.
Use a value of 1.0 for open entrance-exit nodes.
Enter data corresponding to the numerical order
of nodes these represent, Each card will contain
B values (up to 50 values).
Input format 8F10.5
IB54 ;
NaS = Number of off-axis angles (up to 20) to be
luated.
cvatuate Input format 2X, I2
S — . A o ———— g e+ 4 —mimesd
IB55 {
THA = Bngine off-axis angles {degrees) (up to 20 values)
(List in increasing order. Each card holds § values.)
Input format 8F10.5
1
Ks0 = Second print control for hot metal radiation.
Enter 0 if hot metal spectra is to be
printed; enter] to bypass spectra print output,
NPLOT = Line printer piot control, Enter 1 to
plot intensity vs wavelength. Inter 0 to
bypass plot.
WL = Max. wavelength comouted. Tnput 0,0 for default WL of
14uM. If *** check appears in the output, incrcase WL.
2X, 212, F10.3
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NP

1B57
, Y {

BAND1 = Wavelength of lowest end of IR
spectrum to be considered for this
aircraft, but greater than 1.0 micron.

"o

BAND 2 = Wavelength of highest end of IR 4
spectrum to be considered for this
aircraft, but less than 14.0 micron.

‘ Sce also note comment for WL in IBS6.

phetia

=
_ .

NOTE: Specific IR detection bands will be seleéted

- below in IDS2.
- input formmat Z4FlU.S -'ﬁ
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IDS 2 InpuT FOrR CASE DEFINITION

L) d
— | This input data set consists of input-output control code, program
R path control code, and case defining parameters. The compilation of
- these quantities constitutes the input data package referred to as
o - CASE. Because of the beneficial interaction with existing values
. in the computer registers, the namelist format has been selected as
' W:* the input mode. Quantities omitted in the namelist do not disturb
) values already in storage.
In the order shown for namelist CASE in program INPUT program
P listing, the input quantities arc as follows:
. ABB - Effective black body area of the nozzle exit in i
square ccentimeters.
~ AL - Effective axial length of the plume in feet.
i . DATINT presets AL to 1000 ft and AL is subsequently
: ' calculated in PIMDM. [Except in very special -
cases, AL should be omitted here. 1
ALTOBS(1) -~ Up to 5 observing sensor altitudes in feet.
- ALTPIM - Altitude of target in {ect.
‘ Apipe - Upper frequency of desired specirial band in micro-
. meters (microns, wM). This value must be within 1 ‘
= the range of .9 through 200. wM. Omit if IFILTER :
is designated greater than zero.
ﬁ AMI - Lower frequency of desired spectral band in micro- o)
Rl meters. This value must also be within the range i
of .9 through 200, uM. Omit if IFILTER is designated : !
reater than zero. *
-~ g g
- ASPDEG - Aspect angle in degrees. This is the semivertex cone i
angle between the line of view and the aftward plume i
centerline. The plume centerline is assumed within !
| ‘ the program to coincide with the line of flight. ;
. S
DDS - Number of segments which represent the observed’ v
ray of radiated energy. DATINT presets DDS to 16.
This value is adequate for most applications and,
: therefore, DDS should normally be omitted.
‘ (NOTE: QOmit ABB, ASPDEG, and TBB if INOT (IbS1) = 0).
l‘ -
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EAREA(i)

ETEMP (1)

IFILTER

IL

TRADCK

ISPAT

Up to 20 external effective black body radiating
areas such as external hot engine surfaces, other
hot surfaces on the target aircraft, etc. Like
ABB, this area must be provided in square
centimeters. Provide also, ETEMP and NEXT,.

Up to 20 external radiating area's temperatures
in degrees Kelvin.

Filter input control integer. DATINT presets

IFILTER to zero., Five filter band characteristics
are preloaded in program FILTER. If it is desired

to invoke one of these filters, so designate by
setting IFILTER = n (1<n < 5) in namelist CASE.

If another filter is desired, designate IFILTER

=-1 and prepare its characteristics for

namelist FILT (See Figure 1 and IDS 4). Insure that
the band AMI to AMF defines the filter if IFILTTR <0,

Intermediate calculation output control integer
preset in DATINT to -1 for normal program operation.
This special output call prints the geometry,
spectra, and spectral integration of each ray in
PLUSIG as they are calculated. This output call
consumes a lot of paper and, therefore, should
normally be omitted. Although IL should be omitted
for normal program execution, it must be reset

to -1 for repeated IRADCK # 0 analyses per program
exccution.

Program control integer. DATINT presets IRADCK to
zero for normal cases and plumes. Special analyses
may reruire the IR sipnature of simple hot targets
attenuated throvgh the atmosphere. For such cases,
simply designate IRADCK = 2 and provide EAREA, ETIMP,
NEXT, etc. Other special analyses require the IR
signature of gas emissions attenuated through the
atmosphere. For these cases, designate IRADCK = 1
and provide input as required in IDS 3. For normal
program operation, omit IRADCK,

A spatial output control integer which has been
preset to zero in DATINT for normal program operation.
Designate 1SPAT=0 to write spatial plume radiance

on a scratch tape. Designate 1SPAL <1 for listing
output or ISPAT = 2 for listing and punch card output
of spatial plumc radiance data. When ISPAT # 0,

NEXIT and NANGSIG are each scet to 7. The punch

card cutput is suitable for plotting. Sec Appendix A
for Calcomp plot example.
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ITAU

ITYPE

KDATA

P L LR S

- A second spectral output control integer which has
been preset to -1 in DATINT for normal program
operaticn. When ITAU is designated greater than or
equal to zero, the spectral radiance of the entire

ray is printed in ALPLUM. ITAU should be omitted
for normal operation,

- A spectral line lapping parameter control integer
preset to 1 in DATINT for normal program operation.
ITYPE selects the line lapping function in sub-
routine TAUCAL. Except for very special spectro-
scopic analyses, ITYPE should be omitted.

- Program output control integer preset to 1 in DATINT
for minimum output operation. KDATA is a five diyit
integer represented by KDATA = ABCDE. KDATA 1is
decoded in program PIMDM and the desigmator A is

utilized in program ASDIR 2. The KDATA code break-
down is as follows:

A is redefined IREAD:

0, the plume will be computed.

1

1, the plumc gas data array will be read {rom
a data tape 8.

2, the plume gas data array will be read from
input (cards punched in a previous program
execution, see IDS 6).

B is redefined IFILE: .
= 0, bypass file function,

= 1, record plume gas data array on data tape 8.

C is redefined IPNCH:
= 0, bypass punch function.

= 1, punch plume gas data array on input/output
cards.

D is redefined IPRNT:
= 0, bypass print function.
= 1, print plume gas & “~ array on output line

printer,
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; KDATA E is rcdefined IPLOT:
4 (Cont'd)

= 0, plot plume static temperature, C02 concen-

tration, H20 concentration, and velocity

on the line printer.
=1, bypass line printe

¥ =2, plot static temperature.
=3, plot CO2 concentration.
=4, plot H20 concentration.
=5, plot velocity.
e
« ,
E
. | . NA - Atmospheric ray segmentation control integer preset
- : to 5 in DATINT for normal program operation. This
; value is normally adequatc and, therefore, can be
! omitted.
[
- ! NANGSEG - Ray angular segmentation control integer preset
to 3 in DATINT for normal program operation. For
finer spatial analyses of plume structure,
NANGSEG = 7 is suggested. Usually, NANGSEG = 3 is
T adequate and NANGSEG may be omitted.
; NATMO - Atmospheric relative humidity control integer preset
e : ; to Z in DATINI tor normal program operation. Input
o 7 NAT™MO = 1 for low humidity or = 3 for high humidity.
The atmosphere model excludes particulates, acrosols,
o and abnormal gas content. For normal (mid range)
humidity, NATMO may be omitted,
z NEXIT - Ray height segmentation control integer preset to 5
in DATINT for normal prosram operation. For finer
spatial analyses of plume structure, NEXIT = 7
; is suggested, Usually, WEXIT = 5 is adequate and
‘ NEXIT may be omitted.
& .
: NEXT - Number of external radiating areas designator
.- ] , integer presct to zero in DATINT for normal program
e : operation.
NELW - Program control integer preset to zero in DATINT
L : ' for normal program operation. NFLW should be

omitted.
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NRANG

NUINC

RANGE (i)

RAYPNT

.

3
&
=

- Number of external nozzle plug coordinates integer
preset to zero in DATINT. If the nozzle of the
subject engine has an external plug, designate
NP = 2 and provide values for XP and RP, If no
external plug, omit NP, XP, and RP.

- Number of slant ranges integer preset to 1 in
DATINT. If different than 1, designate the number
of ranges to be analyzed (maximum of 5).

- Spectral wave number stepping size (real) preset
to 50. in DATINT for rapid program operation. Finer
steps are available within the program as follows:

NUING = increment (wave no.) band (wave no.)
n 50 - 11000
0 ( 25 50 - 2000
10 2000 - 2400
25 2400 - 3080
10 © 3080 - 3770

25 3770 -~ 11000 )

Values of 25., 10., or zcro are suggested as
spectroscopically reasonable values of n. Small
values, such as 1, will use a lot of computer time.

- Up to 5 slant ranges, from the observing sensor
to the target aircraft, in feet preset to zero in
DATINT. The zerc range is equivalent to no atmos-
pheric attenuation,

- Intermediate calculati . output control preset in
DATINT to zero for noi. al program operation., Similarly
to IL, this special output call prints ray gecmetry
and average properties in PLURAY as they are calculated.
This call also uses a lot of paper and, therefore,
should normally be omitted.

- Background black body radiatiné temperature in
degrees Kelvin preset to zero in DATINT,

- Effective black body temperature of the nozzle exit
in degrees Kelvin. :
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Py

NUFRST

IGHECK

RPN

RP

o embmeass A A e R ARRGA €
v = wr e S P rarh—

Logical program stop command presct to TERM = . FALSE.
immediate prior to rcad namelist CASE in program INPUT.
After completion of desired program cxecution, provide a
TERM = .TRUE. namclist CASE input.

Spectral integation initiator index integer preset to zero
in DATINT. Once the spectral integration structure has becn
organized in PLUSIG, NUFRST is resct to 1 for the rcmainder
of the program exccution.

A program and input cycle control integer preset to zero

in Input., ICIECK is incremented for cach executive cycle of
ASDIR-11. When IHOT = 0, ASPDEG, ABB, and TBB must be pro-
vided in every CASE input when a value change is desired,
IGHECK= -2 rust be used to request the output listing of the
$CASE . . . § namelist input.

When IIOT# 0, ICHECK scquentially selects the next aspect
angle (ASPDEG) data to be processed. When ASPUEG data is
exhausted, program operation will terminate. 'Thc selection

nrnr*nc: ran bo renoated i€ in tho lact for ons AENaY
bt aid

or
VRSP I B VY Aul;uu,
TGHECK is reset. A simple change of IR band can be made by
giving ICHECK =0 and new valucs for AMI, and AMF. Changes
can include ncw values for DDS, LFAREA, ETEMP, IL, IRAICK,
ISPAT, ITAM, ITYPE, KDATA, NA, NANGSEG, NATMO, NEXIT, NEXT,
NRANG, RAYPNT, and TBACK. New valucs for ALTOBS, and RANGE
can be included in any CASC input, Exanmles are given in the

appendices,
The radius in inches of the primary nozzle.

The radius in inches of the turbine cxit stage.

The axial nozzle length in inches from the turbine cxit planc
to the nozzle exit plane.

The radius in inches of the secondary nozzle at the nozzle
exit plane. If the subject cngine has no sccondary nozzle,
designate RSN = 0 or RSN = RPN,

The external length in inches of the nozzle plug. Tf the subject
engine has no plug, omit XP since it has been preset to zero in

DATINT. 1f the subject cngine has an external plug, dJesignate
also R and NP = 2.

The radius in inches of the external nozzle plug in the planc of
the nozzle exit.
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L IDS 3 SPECIAL GAS CHEMISTRY INPUT
: This input data sct consists of gas tempcrature and species partial
- pressure combinations for the special calculation of energy radiated from
a simple gas target. A control value is required in namelist CASE (INSZ)
for IRADCK (IRADCK = 1).
In the order shown for namelist STONE in subroutine PLURAY program }
¥ listing, the input quantitics arc as follows: |
Vs P1(1) - Partial pressurc in atmospheres of the H20 specics 1
in the target gas. The array will accept from 1 ,
to 50 values.
P2(i) - Partial pressurc in atmospheres of the 002 species
: in the target gas. The array will accept from 1 to
Y % 50 values. :
P3(1) - Purtial pressure in atmospheres of the diluent in
. ! the target gus. The array will accept from 1 to
- , 50 values.
. X1(3)

- Temperature in degrees Kelvin of the target pas
mixture. ‘the array will accept from 1 to 50 values.

.  hai e =
” - - e+ e AR Aol tinir

& |
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IDS 4 FILTER DEFINITION

This input data set provides the opportunity to designate onc of
the five filter characteristics preloaded in program FILTER or to input
spccific characteristics of some other filter. A control value is
required in namelist CASE (IDS 2) for TFILTER.

For the selection of a preloaded filter, designate TFILTER = n where
n is the filter selected 1 through 5. llaving designated 1FILTER > 0, the
AMI and AMF quantities of IDS 1 are redefined to suit the designated filter
band. Thesc bands are shown in the program listing in data statements for
AB to AC in program INPUT and for AST to AFN in program FILTER. The five

filter transmission cocfficient sets arc shown in data statements in program
FILTLR.

For the elcction to provide specific filter transmission coefficients,
designate I1FILTER = -1. In this analysis, AMI and AMF define the filter
band within a 5 uM limit.

In the order shown for namelist FILT in program FILTER, the input
quantitics arc as follows:

ASTART - The lower wavelength of the filter band characteristics
in micrometers.  The value of ASTART must agree with
the valuc of AMI entered in IDS 2,

FR(1) - Up to 100 specific filter transmission cocfficicents
which describe the filter over the band AMI to AME.
The trananisslon Hefficients must describe the {ilter
at .05 pM intervals,
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IDS 5 ENcINE OPERATION DEFINITION

This input data set provides several modes which ultimately define
the plume gas data at the nozzle exit plane. The use of two separate
namelist input modes is available for providing the plume input
data. The first, namelist PLUMIN, will accept plume description data
directly and will be discussed first. The second, namelist POWER,
will accept engine operating parameters from which the plume gas data
at the nozzle exit plane can be calculated. A feature of the engine
operation calculation is the calculation of flight conditions in
accordance with the Military Standard 210 day type based on the ICAD
1962 Standard Atmosphere. A second feature is the simple combustion
chemistry calculation to provide the CO2 and H20 species concentrations
for an N-Tane fuel for those input situations when C02 is not provided’
in namelist PLUMIN.

Namelist PLUMIN is devoted exclusively to the definition of the
plume by specifying the gas flow parameters at the nozzle exit plane.
If the ambient properites are known for the subject flight condition
of the target aircraft, as well as the nozzle exit gas properties, then
the plume calculations are completely defincd by namelist PLUMIN.

Three parameters of PLUMIN (PA, U8, and XCO02) are utilized to key the
program function. If XC02 is omitted, the subroutine CHEM will be
called to compute XC02 and XH20 as a function of EQR and TANE,

If U8, the primary nozzle exit velocity is omitted, the engine
operation input namelist POWER will be read and the engine will be
considered to be operating at the provided values of PA, UA, and TA in
air. This input mode is appropriate for analyzing engines for test cell
operations. For such an application, FLTM can be omitted in POWLR making
use of UA or UA can be ovcrwritten by designating FLIM in POWER depending
on the availability of tezst cell data.

If in addition to the omission of U8, PA is also omitted, the yuantity
ALTPIM (IDS 2) will be utilized in subroutine TIRUST to calculate the
MIL STD 210, hot, standard, or cold atmospheric conditions as well as cal-
culating the engine operation after reading namelist POWER,

In the order shown for namelist PLUMIN in program ILINP (or PLUME) y
in the program listing, the iuput quantities are as follows:

RPN - Repeated from IDS 2 and should be omitted.
RSN - Repeated from IDS ? and should be omitted.
XR - Repeated from IDS 2 and should be omitted.

RP - Repeated from IDS 2 and should be omitted.
KDATA Repeated from IDS 2 and sh. 4 be omitted.
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;e TANE - Effective link number of simple fuel chain molecules.
o The fuel assumed is represented by an HCH chain
: molecule with atomic hydrogen ends:

H

|
H-C - ? -...-C-H

N

I H

I.e., CnH2n+2 with n links. A light ker ‘sene such

as JP-4 is represented by n = 9,0. TANE is preset
o ' to 9.0 in program FLINP,

EQR - The effective stoichiometric equivalence rat .o
- preset to 0.25 in FLINP. This input is utilized
only if U8 is provided and XCGZ is omitted.

XCo2(1) - The mole fraction concentration of carbon dioxide in
the primary nozzle exhaust. If XC02Z is to be provided
here, designate XC02 = 11 * .n where .n represents
the mole fraction. If desired, and the data is known, ,
the eleven required values can be entered individually |
to reflect a known distribution. The eleven values }

— ronyneant +an annal radine incromantce {fram cantarlinae
reprocent Ten equal Taglug Ancromonte Lrom oenreroine

e wASD o Lkl

(or plug) to the edge of the primary nozzle. (See text).

XH20(i) - The mole fraction concentration of water vapor in
the primary nozzle exhaust. Entry of H20 data is
similar to entry of €02 data and is requircd if XCO02
data is provided.

et A Y i O

XC02A - The mole fraction corcentration of carbon dioxide
i in the ambient atmosphere, preset to .00033 in FLINP.

oo XHZ0A - The mole fraction concentration of water vapor
- (hunidity) in the ambient atmosphere, presct to
o .00033 in FLINP,

U8 (i) - The exhaust nozzle gas velocity in feet per sccond

§ , ) relative to the nozzle. If a flat velocity profile

i . : across the nozzle exit is to be entered, designate

: U8(1) = 11 * n, m where n is primary nozzle exit
velocity and m is the sccondary flow exit velocity.
{f actual profiie data is to be entered, provide the

v e ' individual profile values in radial incroments of

| (RPN-RP)/10. to 1ill out the primary and sccondary
nozzles. If U8 is to be calculated, omit U8, and
a flat profile will be assuncd.

e e M O n
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T8T(i) - The exhaust nozzle total temperature in degrees

Rankine, Data input is similar to the input of U8,
and is required if U8 is provided.

P8 - The primary nozzle exit static pressure in atmos-
pheres preset to zero in DATINT. The pressure is
considered constant over the exit of the nozzle.

20} - The secondary nozzle static pressure in atmospheres,
preset to P8 (i.e., zero) in FLINP, and is constant
over the exit of the secondary nozzle.

UA - Flight velocity in feet per second. Must be input
here if U8 is entered. (See text).

TA - Ambient temperature in degrees Rankine. Must be
input here if U8 and PA are entercd. (See text).

PA - Ambient pressure in atmospheres. If the ambient

pressure, temperature, and velocity are to be
calculated, omit PA. (See texy and notes in
program FLINP listing).

Namelist POWER is devoted to the definition of the enginc operation
from which the plume may ultimately be defined. The input data consists
of mmbient atmospherc. flight condition. and engine onerating narameter.

The engine operating parameters can be provided in either absolute or
normalized form,

As discussed above, the ambient conditions are calculated by the
use of a standard atmosphere model on a function of altitude, and a
meteorological code, METEC., The flight and engine ram parameters are
derived from the ambient conditions and the flight Mach number, FLTM.

In the order shown for namelist POWER in program THRUST program
listing, the input quantities are as follows:

METEC - Meteorological code integer preset to zero in
THRUST. The zero value represents an ICAO 1962
standard day., A Mil Std 210 cold day is renresented

by desionating, METEC = -1, and a hot day is represented

by, M £ = +1,

NORM - An engine data normalization code integer. If the
engine data is in absolute form, it is not normalized
so designate NORM = 0. NORM is preset to 1 in
THRUST because the engine data default case is
normalized. (Omission ol NORM is not
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FLT™

TSFCC

RREC

FNRT

I'PR

T

Number of co-annular jets integer preset to 1 in
THRUST. If a mixed exhaust fanjet engine is being
analyzed, designate JET = 1. Designate JET = 2 only
when the secondary fan exhaust is scparate but
coplanar with the primary exhaust. A non-coplanar
fanjet engine can be synthesized by expanding the
secondary to ambient pressure and considering it to
be coplanar which requires some pre-input manual
calculation of a ficticious secondary nozzle,

recommended since it is difficult to distinguish
prepared data cards in its absence.)

Flight Mach number. This value will overwrite
previously entered values of velocity.

Corrected thrust specific fuel consumption in pounds
of fuel per pound thrust per hour (WF/T) if NORM = 0;

or Wf/CT* /eTz) if NORM = 1 where 6y = T&2/51R A38
and sz is the flight ram temperature in degrees Rankine.

Inlet ram recovery factor in decimal form of the

Tatic Of thn Anaina Ernmn +ntal scmumnnn

~sanm eI o
O R e e e R 4 VI IV QYRR

Tam pressure.

Engine output thrust (T) in pounds if NORM = 0; or

CT/BTZ) if NORM = 1 where 8., = PT2/14.696 and PT2

T2
is engine face total pressure in pounds per square
inch.

Engine rated thrust (RT) at the 100% or intermediate
power lever setting in pounds if NORM = 0; or
(RT/87,) if NORM = 1.

i

Enginc pressure ratio (PT7/PT2) as the ratio of the

nozzle exit total pressure to the enginc face total
pressure. If NORM = v, EPR = PT7 in psia.

- Secondary pressure ratio (PTZ 5/PTZ) as the ratio of

the secondary nozzle exit total pressure to the
engine face total pressure. If NORM = 0, FPR = PT2 S
in psia, ’
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IDS 6 INPUT OF PREVIOUSLY COMPUTED PLUME

This input data set provides an input mode whereby a previously
- computed plume can be reinserted into the program for further, different,
or repeated analysis. A control value is required in namelist CASE for
KDATA: i.e., KDATA = ZXXXX. When KDATA is greater than 20060, the entire
plune gas data array will be read by the program from input cards in
program PLMDM.

K Inasmuch as the input cards for this input data set should have been
produced by the program in a previous operation, no attempt should be 1
made to prepare these 7544 input quantities manually. The following is g
@ a brief summary of the contents of the plume gas data array (PLMGD): 3
1

PIMGD (1) = DELAM SAMB - PAMB/14.696

(2) = THEAM OAMB = TA/518.688

(3) = METEC+2Z Meteorological code
i (4) = TA Degrees Rankine IR

(5) = ALTPIM IR target altitude

’ (7} = PNRT % normal rated thrust
g"' . (8) = JET Number of co-annular jets : i
(9) = WP Primary gas flow rate (1b/sec) . 1
. 5 {(10) = WS Secondary air flow rate (1b/secc) %
(11) = WF Fuel flow rate (1b/hour) :
a t : (12) = FARW Overall fuel to air ratio . ]
iy - 1
1
1
:
i
1
; ‘ 4
; 53
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i ‘:
}‘- B TTPN - The effective total temperature in the primary
i nozzle (1T7) in degrees Rankine if NORM = 0; or
(TJ‘?/OTZ) if NORM = 71,
s TTSN - The effective total temperature in the secondary
nozzle (TTZ.S/GTZ) if NORM = 1, :
WAPAC - The primary nozzle gas flow rate (WP) in pounds per 1
second if NORM = 0; or (Wp * 0,1.2/6,112) if NORM = 1, ;
L . WASAC - The secondary nozzle 8as flow rate (WS) in pounds
i per second if NORM = 0; or (s * [6r3/60,) if
NORM = 1, o
.
e :
- |
cpm= !
e &
%
£ o 1
i
|
e
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PLMGD (13)
{Cont'd)

(14) .

1s)
(16)
17
(18)

(19
(20)

(21)
(22)

23
(24)
(25)
(26)
(27)

(28)

(29)
(31)

n

n

1

n

]

PTS

TTP

TTS

PNMACH
SNMACH
PNVEL

SNVEL

P8

XEN(1)

Primary nozzle total to static pressure
ratio at the nozzle exit.

Secondary nozzle total to static pressure
ratio aft the nozzle exit.

Primary nozzle exit total pressure (PT7)
in psia.

Secondary nozzle exit total pressure

(PT 2.5) in psia.

Primary nozzle exit total temperature
(TT7) in degrees Rankine.

Sccondary nozzle exit total temperature
(IT 2.5) in degrees Rankine. »
Engine nozzle force or thrust in pounds.
Primary nozzle exit Mach mumber.
Secondary nnzzle exit Much number.
Primary nozzle cxit velocity in feet per
second,

Secondary nozzle exit velocity in feet
per second.

Primary nozzle exit static pressure in
atmospheres,

Secondary nozzle exit statis pressure in
atmospheres.

Primary nozzle gas constant in feet per
degree Rankine.

Secondary nozzle and ambient gas constant
in feet per degree Rankine.

A primary nozzle gas parameter.

A secondary nozzle gas parameter,

A primary nozzle interior station in
negative inches measured from the nozzle

exit plane.




PIMGD (32)

. : (Cont'd)

n

n

REN(1)

XEN(3)

(34) = REN(3)

(35) = NEN
(42) = RF

(43) = XF

, | (44) = RPN

(45 - 94)

(95 - 144)

(145-7644)

#

i

PR VR

[PPSR SRS S

A primary nozzle interior radius in inches
at station PIMGD (31).

The primary nozzle exit station of the
secondary nozzle exit plane fixed at zero.
The secondary nozzle exit radius in inches
preset to primary nozzle exit radius in
DATINT.

Number of primary nozzle coordinates in
PIMGD array.

Nozzle plug radius in inches at nozzle
exit plane, preset to zero in DATINT.
Nozzle plug external length in inches from
the nozzle exit plane preset to zero in
DATINT,

Primary nozzle radius in inches.

A table of plume stations in feet from
nozzle exit plane.

A table of mmber of plime radii at each
plume station in integers.

The plume gas data table containing the
plume radius ordinate in feet, the plume

velocity in feet per second, the plume

presswic in atmospheres, the plume temperatuie

in degrees Rankine, carbon dioxide concen-
tration in mole fraction, and water vapor
concentration in mole fraction.
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APPENDIX A

ORIENTATION AND DEFAULT SAMPLE

ASDIR-II geometric orientation and a program default sample are pre-
sented in this appendix. Three example or demonstration IR signatures
are developed in the following appendices. A1l Samples and demonstrations
thercin presented are purely generic in that all dimcnsions and cngine
performance data werc arbitrarily assumed. Consequently, these cases relate
not to a single aerosystem, but directly to all acrosystems,

Figure Al shows the general scenerio representing the domain of the
ASDIR-II program. Distinctive featuvres of the scenerio as interpreted by
the program are indicated. The aspect angle of the observer relative to the
targetted acrosystem, (indicated in Figure 1 as ASPDEG), is the included
angle measurcd from the acrosystem's [light path. This angle, ASPDEG, is
derivable from elevation and azimuth angles rclative to the aerosystem as
shown in Figure A2 and A3. These angles arc cach derivable from absolute
(relative to earth) elevation and azimuth angles from the pitch, yaw, and
roll angles of the acrosystem. This resolution is not shown, It is to be

noted that ASPDEG and elcvation and azimuth are the only ungular measures
relevant to the IR signature.

The line joining the acrosystem target and the IR observer is designated
in tho fjoures ac B owhich indicates "slant" raoge.  In Flgure Ad, the

axis of the plane which contains both the R vector and included angle
ASPDEG, the DZ axis, is the major axis of an apparent projection planc. The
DD axis, othogonal to DZ and R, is the lateral axis of the apparent project-
ion plan. The establishment of the DZ, DD plane provides a reference planc
onto which the nozzle cxit area and plume radiant intensities are projected
in preparation for the spatial integration of the radiated IR energy into.
an IR signature. External radiating surface intensitices arc taken by
ASDIR-II to be in the DX, DD apparent projcction plane whose physical loc-
ation, conceptionally, reprcsents an image screen normal to the R vector
between the observer and the target aerosystem at the "near" cdge of the
target geometry. Distances of various parts of the target to the apparent
projection plane arc ignored as is atmospheric absorption of IR cnergy along
these distances. The process of defining elemental ray arcas, subscquent
integration of radiant cncrgy emission and absorption in a ray element,

and the ultimate projection of clemental ray cnergy onto the apparent
projection planc is depicted in Figure A5. Circular scction arca elcments
(RAR) are defined on the apparent projection plan (DZ, DD). Intensity

integration along any ray parallel to "R' is initiated at the projection
of RAR either on the nozzle exit plane (designated "O'" in Figure A5)
. or at the far edge of the target, and progresses through the target 'P"

to the apparent projection planc at '"Q". Integration of the radiant in-
tensity over all ray's to the geometric limits of the target represents the
arver.

source radiation of the target in the direction of the o




For assistancc in the installation of the ASDIR-II program on various
computer systems, the program has been initialized with appropriate quantities
represcnting input data of a simple plume-only problem for which the IR
signature is computed over a very narrow IR band. These initialized input
quantitics are referenced as the default sample case. The primary objective
for the default sample is the exercise of ASDIR-II in its new installation.

The default sample casc is executed with a "blank" Input Data Deck as
discussed on page 7 on the report text. The output to be expected is
shown in Figures A6, A7, and A8. This output represents a minimum output.
Additional output for the default sample case may be requested by including
appropriate control codes in the input as discusscd in the guide text, and
demonstrated in the following appendices. Figure AG shows a typical
output header consisting of program output which describes the case under
study. The output listing of the input in Figurc A7 is a compiete listing
of all data rcgisters addressed in inputs utilizing the namelist format.
The namelists to be found in the output encompass only IDSZ and IDSS.

As may be expected, the default case is ultrashort, consisting of a
single set of values and a very narrow (.1 pM) IR band. The entire IR
signature output is shown in Figure AS.
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FIGURE NO. CAPTION
AL GEOMETRIC ORIENTATION - SCENERIO
A2 GEOMETRIC ORTENTATION - OBSERVER ASPECT
A3 GEOMETRIC RESOLUTION
A4 GEOMELRIC ORIENTATION - APPARENT PROJECTTON
AS RAY PROJECTION SCHEMATIC
A6 DEFAULT OUTPUT HEADER
A7 DEFAULT OUIPUT LISTING O} NAMRLIST INPUT
A8 | DEFAULT TR SIGNATURE OUTPUT

i

|
$ -A3-
3




[ lig

CRAY BODY BACKEROUW O

TARGET — HoT” PARTS

ELEVATION
ALTPLM

IR
/J/o/ssmve’f?
“

AlTOBS

FIGURE Al GEOMETRIC ORIENTATION - SCENERIO

- e -t e ————




1 }“} . o

.'pt:

>

¥
e (OS A =~-C0OS « C‘OS/}

o TA¥ ¢ = smp'/r/wo(

bl
JP AlwAdys oecur: FRCT, HER & ,4(,9 o c‘oun

g"um komzop\/a‘ ]

FIGURE A2 GEOMETRIC ORIENTATTON - OBSFRVER ASTECT

-A5-

et




R o) L ——— T~

-

i
90

100

\ =90°—:
120 110

130

of -ELEVATION

e X L

150 140
GEOMETRIC RESOLUT1ON

o ;EL'I;Z\-IATTON e

J W

. 4
y . .
./'l 3 g -
- IR

1 . h

-80

BATANCSING/TANG)

160
(5 ~ AZIMUTH (DEG)

‘FIGURE A3

180 170

20
L

9
6
5
4

TIVI WOodd (9dQ) 103dSY - ¢ B JA09Y WOo¥4 (93C) NOIIVIOY -

ez




PRI H!
.
-
J
Z
i
Dz
) ]
i
fzk'
* AN R, DZ PLANE
* DZ, DT - PLANE ©OF APPARENT EROTCCTION
® DD - ORTHOSONAL 7 DZ AND R
A
i
FIGURE A4 GEOMETRIC ORIENTATION - APPARENT PROJECTION
T -A7-
o . - - Py N P N S NN e e v oyt Ovaee A e et | e s N

e
R}

*‘71*:

prapw;

stk -kl

o it il i .

e e e . i A




T o .

Y e - e
e ET IR

—

J1LVikIHOS NOIL33:0dd A 6y Jdnold

AP PP = AV

rFOVIAINS

-

A3y angos/
\\

W

~AB-




uEﬁ"ﬂ!ﬁm@wmﬂnmwrﬂ'wrwﬁmmumg“m.

¥ ¥ & AHS,D.IHR_’ f7¥

FLU“E ANALYSIS

¥ FLIGHT CIONDITIOHNS #+ mwmnl_
ST M LY EGBE FROOUCTIN

— _—ALTITUDE. IS . Qo FEET. .. N -
WEATHER IS ICAN MIL STO 210 STMDARU DAY
WITH 2035330 WLTEP CONTENT,

VISIBLE CCNT=AIL IS NCY EXPLCTED
———CASE MACH NUMZER IS .22 AT AHMEIENTY

PSESSURE OF 14,75 PSTA. T
e _TEMSERATUPE OF  S4t. DEGR.. . . .. o
VELOCITY OF 244, FT/SEC.
—— EMGINE I3 RUNNING WITH £ FUEL EOUIVALENCE RATIO (FOF) OF 24K
TT¥¢ FLOW FleLn INPUT T T oo T T T
RADTUS VELOCITY  TEMPESATURE  XCO02 %20
) _(FEET) __ (FT/SECY__ . IDEG R). _ .
LT 2.03006 0 1856.28 0 1769.02 L (33109 0 036796
L3530 145638 17AC.,92 «033149 L 236796
Lios. 1300.32 i70n.ne Lo2zina _ric7.e
01330 18556,08 1769472 L3349 036796
.2330 1856,03 1769.02 W 033149 6326796
L «2598_ 1356.068____ 1769,082  #(33149__  .2367%%
.3330 1856.C8 176S,02 33140 L3367S6
£3589 1356478 176G.02 .33149 036746
0“000 1856.08 1769-02 -0331%9 IG367%6
) . .450u __ 1856.38 1769.02 (33149 ,T367496
+50350 1P56.29 1769402 .033149 $ 136796
** AMBIENT CONDITIONS . _ S
. 5500 243,82 518,67 .000330 . 000330
_®% INPUT PARAMETERS. e
N o ~ PLUME  AMBIFNT -
PRES3SURE, p .203 L2080 ATMOS.
SPECIFIC HEATs CP <299 RTU/LG-F
GRS SCNSTANT. & 53,456 FT/F
SF. HT. RMTIO 1,305
CMAGH BUMIER 14090 e
CPIX = 0,CCa0CT _
RA= 550 ¥C= 2,53 26NNz 43,65 Lz 147,933

. FIGURE A6 DEFAULT OUTPUT HEADER




$CASE
ABB = 0.0,
e AL = JLESO4,
oar .. ALTOBS = D040y 040500, 0e0p Oa0,
T L SN
ALTRLM = 0.0, -« -
AMF = LziEe01,
AMI = J2E401,
ASPOEG = .9E02,

DDS

= J1bE+02,

EAREA

= U-U, De0y UoU’ 0.0, 000’ 0.0, 0.0, 0-0, De0y July DeOy

ETEMP

IFILTER

0.0, 040y 040y 000y 0DeBy 0Dy DoDy PyBy Jody Galy

IRADCK

~ ISPAT

ITav

RAYPNT = 0.0,

TBACK = Gely

ITYPE = 4, TERM = F,
Kkoata =4,  wuFRsT =g,
NA = 5, ICHECK = -2,
NaNGSEG =3, RPN = 0.0,
CNATHO =2,  RTE = 0.0, o
NEXIT = 5 ANL = 0a0, o
| NExt =98, RSN~ = 0.0, -

NFLHW

1"
Qo
-
>
-]
1
o
.
[~=]
-

NRANG

"
o
-
A
h-)

1
[ =]
.
(=]
-

1, AR =

J5E402,

FIGURE

C.0y o0y 0.0, 0.0, 0.0,

A7 DEFAULT OUTPUT LISTING OF NAMELIST INPUT

-A10-

ot s m s ta e n

.




il

EE

*

BEER L T e T N ——

$PLUMIN

RPN = J5E+10,
RSN = {5E+00,
Xxe = 0.0)’

RP = 00,y
KDATA 2 1,
T ANE = J9E+01,

EQR = «25E+00,
XCoz = «33E-03y «33E-03, «33E-03, «33E-03, .33E-03, .33E-03,

e 33E=035—<IFE- 03— IIE=- 03y 3IE-03 533 ED I IIF~235
-33E'g3, ‘33E-03’.‘33E-03’ t33E‘g31 033E‘03, .33E‘53’

waZO o= '33E"D31 -33E';33, 033E’03, .335'03’ .33‘;‘03, .335';«3'
«33E-03, +33E~-03, +33E-03, +33E~33, +I3F=-13, ,33F-03,

XCO2A = .33E-03,

XH20A = «33E-03,

us = [].0,
— —— == - 05l

Os0s 0.0y 040,y UaNy Ue3y DalOy Daly JeDy 2ad
p.0
0.0, 0.
B'c Q
0.0

] 003’

,"B-G) '000, 000” D-G,‘D.O,-'ﬁ.'ﬂ, 0-’0, 3-0, 0.0
? 0-0' 0001 D.U, Cely U.g' '-logy 0-0, U-O, 0.0
[ '0.0, D-ﬂ‘, Do’ﬁ,"ﬁou)' 0.0,*0.0,* 0.0,'*0-0,-‘0‘.0
’ 0.0, U-Uy U.O’ U.D, 0.0’ 0-0, 0.0, Jul]’ 0.8

el Y 1S

0.0,y

T8T = 0.0, 0¢0y 0OuNy 0e0y 0e0y 040y 000y D40y D¢y Jaly 0.0
‘_"“"“’”A”UQO, 0.0,”0.0’ 0-0’ Utﬂ) Onﬁt 0-0, 0.0' 0-0, Uoﬂy ‘..Jcﬂ
Ds0y 0uOy 040y 00,y 00y Oafy U0y 0ally Naly Jaly Jo?

T "”*"*’7‘""‘{)‘(0, Ooﬂ, 0-0’ 000, 0-0, 0-3, 0.01 0.0,- a.a"]-)t 3-3
U.ﬁ, 0-0’ 0.0’ 000’ Ucﬂp 0-0, 000, 0.0' UOU) ].]9 3.0

P8 = 0.0, -

PQ = 0.0;***'*"*—“~—”“ - - B -
Cua = aaEe02,
—LTA = .519E+D3,

PA =000 o
Ceeno B -

JFIGURE A7 DEFAULT CUTPUT LISTING OF NAMELIST INPUT (cont'd)

LI Il

B T Y (P A

e eiman taemened oL

A




i

.

]
1

$PONER
METEC = 0Oy

NORM =1,

[
m
-
1\

1,

FLTM = +2E4D0,

TSFCC = +996E+310,

RRECG = JiE¢01,
FN = 425Q3E+04,

FNRT = o2593E+04,

EPR = L2329RE+D},

FPR = U-Op

TTPN = J1758E+04,

.o,

-
e |
v
T

1]

HAPAC = Jh39E+G2,

HASAC = 040y

'FIGURE A7 DEFAULT OUTPUT LISTING OF NAMELIST INPUT {cont'd)

-Al12-




GOPY AVAILABLE VU DOG BOES NOT
PEGHiIT FULLY LEGIBLE PRODUGTION

e
*xx PATNT SOURCE IR INTENSITY *¥* T ST
P SEECTEAL BAND - 2.50 TO 2.10 MICRONS
S _ VEHIOLE ALTITUDE -  0..C K4.0R _ da0a KFT. . .
“ ASFECT ANSLE - 80,0 NEGRFES IN A NOR. ATMOSPHEFF,
o _ _EFFECTIVE BLAGK 30DY AKSL - ARA = 3.CLEA CM3N
. EFFECTIVE 33 TEMPIRATUSS -  TA3 = 3.C060 DEGK
' | _  FFEENTVE 3ACKGIOUND IEMP - TEAGK = pane nory
- . USLT. 3G (Ke/hM) . £ 0. . e
_— 09 ALT (KM/KFT) Jef O
- " RCKGRND (W/STPY  g.0CC0 o T
e __ METALS  (M/SIR)  G.L2C3
= ATT MET (4/STR) 0,050
: PLM GAS (W/STR) , 8092 o
EXT ENS (W/STR) 046000
KPP RAD (W/STRY L0392 -
-
ofadginmy

FLIGURE AS DEFAULT IR SIGNATURE OUTPUT

-A13-

- - S
. z i

e g T

e e e




e M 1
AL 0

PRODUCTION

APPENDIX B

. GENERIC NOZZLE 1 DEMONSTRATION

A typical turbofan engine-only case has been developed for the purpose of
demonstrating the basic operation of ASDIR-II. Various basic output modes arc
also demonstrated. This initial demonstration involves only the IR cnergy K
radiated from the internal hot parts and plume of a scparate-flow, coplanar,
axisymnetrice turbofan Lngine cxhaust nozzle. The nozzle diagram for Generic
Nozzle I (GN-1) is shown in Figurc Bl. This rather short exhaust system is
sectioncd into two streams and cach stream is sectioned into several fluid nodes.
The strcam fluid nodes are defined by the containing surface nodes as indicated
in the figure. The surface node length is selected such that the geometric
curvaturc is negligible, the surface temperaturc along the node may be consid-
cered constant and (or) the length does not appreciably exceed about 20 inches.
The entrance and exit nodes are nmumbered (lust) as if they werc a surface node
and are assigned a temperature and cmissivity as if they were a solid surface.
Of course an exit node appears, in radiance, as if it were a cold surface rep-
resented by the background temperature, Since radiant cnergy passes [recly
through an entrance or exit (surfacc) node, the assigned emissivity is unity
(1.0} as if the physical mechanism were 100% absorption or emission, which
it is. ON-1 also employs the special fluid nodes representing themal sinks
(or sources), and conduction nodes of heut transfer.

The internal and avternal eadiamt view Mectare are ta he armeratod hv
ASDIR-II by vse of the 03 code in IDS-1 and the -1 code in IB- 7. ‘The last
card of the view factor Input Data Deck is, appropriatcly, IB-48. A computer
listing of this Tuput Data Deck with instruction steps annotated for the view
factors of GN-1 is shown in Figure BZ. The view factor run also provides a
sumnary of thc internal {low parameters, calculated wall temperatures, etc.
in its output if thesc quantitics were requested in IB-2. The full output
(print codes 1 through 10 rcquested) is provided in Figure B3. In addition
to the printed output, this program exccution also provides the punched
(view factor and arca) cards. The punched deck "header" card and "end"
card are removed and the deck is inserted into the Input Data Deck as IB-10
and IB-11 as punched. The controls of ID3-1, IB-2, und IB-7 are changed,
in this case, to 01 code, Zero's, and 01 code respectively. The remaining
input cards are provided (IB-49 ctc.) as required and the Input Data Deck
is weady of generate the IR signature of GN-1 of Figure Bl and its plume as
shown in Figure B4. Figure B4 is algo annotated along the left margin with
instruction steps, ’ ‘ :

A sumary of the internal hot parts emission eminmating from the nozzlc
is provided in the output which shows equivalent black body area (ABB) and
temperaturc (TBB) as a function of aspect angle (ASPDEG). This sumnary,
shown in Tipure BS, is developed in ASDIR-II by cxpressing the peak radiant
cnergy of the hot parts cmission in terms of area and temperature. Further
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along in the program, the emission from the engine interior is detcrminced
from these areas and temperaturcs by using the black body spectra over the
specific IR band of interest. For this reason, the band stated in Figure BS
must exceed the specific IR band of interest and must extend to a sufficicntly
long wavelength so that the " *#%% CHECK" notation is not printed. This

upper band limit is controlled by WL in IB-56. The IR signaturce "output header',

shown in Figure B6, provides, primarily, casc description summary information,
The contrail comment is precmptive and is (at rcporting time) inoperative.

The input data of IDS-2 and IDS-5 are printed ir the output to show the
input data actually controlling the program. The output listing shown in
Figure B-7, are quite helpful in diagnosing a troublesome run if the input
data was actually different than intended. These namelist writes occur soon
after the namelist read only when ICIECK=-2, :

A gas data description of the plume is printed in the output when the
second digit (D)} of KDATA is set to 1, as shown in Figure B8, A total of 49
stations are generated und printed, but only a few printer pages are included
in the figure. When the first digit (E) of KDATA is non-unity, selected
quantities of the plume gas data arc plotted on the line printer. A valuc of
five (5) will plot the velocity valucs in the plume as shown in Figure B9.
The output format for the IR signature is shown in Figurc B10. Again,
because of the many pages of printer output, only a few aspect angles are
st wn. It should be noted that altitudes and ranges are printed-out in
} omcters. The spatially resolved IR emission can be plotted by use of an

11liary CALCOMP program and plotter. ASDIR-11 will produce data cards
svitable for such spatial plot by designating ISPAT=2, The resulting plot
will uppear as Figurc Bll for a brondside aspect of 90 degrecs. When ISPAT
is specified 1 or 2, the spatial data is printed as shown in Figure B12.
In this data listing, the colwmns are headed by quantities described in
Figurc A3 and A4_of appendix A, Intensity values are listed as watts per
steradian per an? under headings of range and designation of filter. The
IR signaturc is plotted in polar form in l'igurc B3 in which is shown the

effects of range and obscrver altitude.

AVAILABLE T0 DO DOES NOT

PERMIT FULLY LEGIBLE PRODUCTION
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F 1 Cmmy e e e e
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- 1 PPER ST RTINS 2 7Y SFTS .. I . -
. 2
. 3 | o206180401 - : e e e e e e
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F( 3, Y= N2256 F( &y )= ,09100 i
££ 3, 2= 16296 FL Ty = ,235658 H
PP Ft 3, 8}z 27515 F{ Ry 31= L 40528
' : FA-39-9)= 411845 — - - F{ 9, A1=- ,1593% *
! _ F( 3,100 ,02219 Ftin, s 01253 :
F{-3,11)= 0,00008 ——-— - -F(11, 3)e= 0,00000 ——— — —— f
) F( 3,12)= 0,00200 F(1z, 31= 0,udc30 ;
B . £4-3413)=— 0, 0008 F————F 443, 1=—0, 50005 i
<, F( 3,14)= 0,00079 Filt, 3= 9,009 .
.  F{ 3,15)= 0,06900 —.—-—  F{18, 3= 0,00500 — - —m—— i
5 FC 3,16)= 0,0C00D F(16, %)= 0.00000 i
——e - F{-3417)= d.00000 e FU(A7e %)= 0,00000 - e e !
, FC 3,18)= 0,00000 F(14, = 0.001700 ;
9 . FO 3,490 412604— — F(18,-3 312418
: Lo Ft 3,20)= J.CC000 F(20, 31= 0,00000 i
FC 3,289=- 0GPL7— ———  F{21, 3)= L0h035- i
L. F( 3,22)c 2,u0000 F(22, 1= 0,00000 (
3 . - AREA({-3)=x- 550,56 S0, INg - —- . — i
{
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o ' e ... _SYSTEM INTERNAL VIEW FAGTARS  — o o ——
Y
FU &, &)= .D831S Fo 4, &)= L08315
Ao - =2 U F U by B)= 050913 F( 5y B)=. 053294
i - ! Fl 4y, B)= ,L,UU505 F¢ by )= ,L,02093
& —— e e FU 4y V= 403938 - FC 7y 4} 06588 — oo
* F 4y 8)= ,15737 F( By )z 27242
Fd by-B)=-,30i39 SRLAy— bbb 325
= F( 4,10)= L10063 F(10, %)= .17010
i e = F U 4y44)= 0.00000 F(11, 41= 0,00000 -
. F( Wyl2)= 0,00000 FL12, &)= 0,03203
— e _FQ 4413)= 0.,00000 - FOIT, )= N00000 — -
F{ byi4)= DL OOUOD F(lby &)= 0,3113) g
—F{ by 15 =0 5L0UD e~ FA15,-4)=0,00000
F( 4y16)= Da0LODC F(16, &)= 0,00000
e FU U 70 = DL00000 oo . F{i7y 4)= 0400008 e o o
FC 4,18Y= 0,00000 F(i®, 4)= 0,00000
e e - = F 491932 L UR922 F{19, &)= 07988 - -~ e
FU 4,200= §,0CC00 F(2n, 4)= 004000 1
Fo le23)= o DBE32———  FU2l, = 12720 ;
F( 4,22)= D,000UD FL22, 4= 0,00000
—— e o . AREA( #)=. 634ell S04 INe - comvoo e
& . . !
Ft 5, 5¥= 409024 FU 5, 50 ,09024& A
FU Sy _Bl= 00205 F{ 54 51=..,00482
. FO Sy, ¥ ,00737 FC 7y S)= %1237
e e e FU .5y BY3  Wb3167. F(. Ry Sl= . J5143 .. . S .
- F{ 5, V= ,1765% F(C 3, 5)= ,L,25490 ) {
;!52’ e e~ - F( 5,100 = ..2G64Q FC10, 5)= JL7UB%. . —
; /ad TioSyi= UeD0COCC Tii2, €y~ n_nnana s
. : ~El-55123% 0,00000 — _F(12, 5)5 0.00000-— e e .
. . F{ 5413)= 0.00800 F(13, 5)= J3.30000 i
— e FU Sy4l) = 0, 00000 L Flilb, S5)= 034900 . o {
F( S,45)= 0,00000 F(15, 5)= C.330300 ]
" e - _F1.5,16)= 0.00030 . F(1By .5V 0,073083- - U ;
i FO 5,17)= 0.00000 FLi7, %= 0,00000 i
FI. 5,185 000000 . _F{1‘, 5)=.0,00008 - 1
FU B5y1m = 03854 F(i1, 51= LJ4174 {
e = . FU 54200 ¢ 040606 F(20, %)= 0.00000 T 1
Fl 5,21)= ,23773 (21, 5)= ,32931 .
— e F(-5422)= 0,00000 F(22, S)= 0,00000 ———— e }
. . ARSA( 5)= 595,99 SQ. IN, |
v!
' —eee . FA By-B)= 0.00000—— - - F( 6y AV= £4008000 - e %
. Fi 6y 7)= 0,0D070 FU 7, 5)= 0.00233 3
———— e~ FUl b, 8)= 0,00000 - FC Ay B)= 009060 - - — o . — . '
Ft By S:i~ n,.0pnnn . F{ 9, K= N, 00000 i
] FA-6s1032 D OUUGRO——— T P (10, fl=_0-0003 e .
o ! . FU 6,417= 0,00000 Fi1!. #y= D.0300N ;
- . S — FU 694237 0oBUOO0 = .- - FU124 612 0,20030 s o
8 : F{ Ry13)= 0,00000 F(13, 8)= 0,00090 ,
s —— e FC Ryih)E 0.0UUG0 F(lby 6)= 0,00000 - — o ;
F{ f,25)= 0,000D0 Fti5, 6)= 0.00000
E4 64161 4, 0ARR0— HFL15y-5)= 000000 e
F{ 6,477= 0,00000 F(17, 5Y= 0,0000D ]
. S FU 6,48)= 0.00000 - F(18, 6)= 7,33300  — — ;
> FC B, 1Y L4p721 F(13, 6)= 11345 {
—— e - U Be200= 0.00080 FL20, 6)= 3.030800 - - —— —— . |
Ft 6-211= 200094 Ft21, b)= .00N33 :
N FLl.bhe22)7 0e0UUBO - — . F224-6H)=_0.00000—
' . AREAC 6)= 153.71 SQs IN.
Wy - Rl w oae = .. - EEN
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o . —.SYSTEN INTERNAL VIEW FAUTORS
L™ § ' ...
x — )
< e F Ty 712w 06000 e FL 7y 712 =g 00000
= ) . F{ 7, 8)= 0.00000 F( By 73= 0,09002
: Fl 7y 31=-0.00008— e Fd-9,73-5-0,-00000—
. F( 7,100= 0,00000 £{4n, 7V= 0.09020
“ — e o FU Z941)3 0400000 . ... _-F(1%y 7)= 0,00000— oo
! : F( 7412)= N,00029 Fl12, T}= 0.,GI0O?
e L FU 741303 3400030 - o — —FU13, 712 .8,30000 - e o e
~ F{ 7,14)= 0.0CCOD F(14, 7= 0., 00000
Fi 741G0= 5o dR000— _F(15,-7)=.0.00000 -
F{ 7,16)= 0.00000 F(15, 7)= 0,00000
— _F{ T4i7)2 0,00U00 o __ F{17, 7}= 0,00000 ——
‘ . F{ 7,18)= 0.00000 Flim, 7)= 0.00000
° - L F( 744902 L1R330 - - - F(19, 7= ,1125% --
i F{ 7,20)= 0.00000 F(20, 7%= 0,0000)
Fo 7,210 303332 Fl2i,-73=_ . 00346
F( 7,22)= 7.00600 F(22, T)= 0,00000
_ e AREA(.7)5 _378.24.SQaINe — o e
€ F( 8y B)= -,00000 F( 8, 8)= =,00000 1
F{ f, 9 =_Jd.00000 I ¢ Q' R = _0.008000
F( 8410)= U,00000 F{1n, B)= 3.00060°
e e FU B9A1)= 0,00006 —— - . Flil,y RI= 0430000 - .. e
CF{ 8y12)= 0.C0500 Fi12, RY= 0,00000
T F{ AyLi3])= 0.0000u . . - .. F(13, R}z 0,00000 —_— —
E{ B,14)= 0.00000 Fti4, %) = 0,000060 1
FL . 8,16)=_0,00000 — _ F{15,-8).=_0,00000 —
F( By16)= 0.00090 Ft16, 8)= 0,03000
el e e FU.Byi7)= 0,00000 - - FO17, BY= 0,33002 -  —— — - —
, FO ay18Y= 0,00030 F(i%, %)= 0,03000
e e o . CF{ Ry191=  LD3R7D F(19, 8)= ,02581
F( 8420)= 0.00000 Flz20, %= 0.00009
5 | F By fhie e eBiDb e T{iielee—s 5id 55— - —
F( 8,22)= 0.00000 Ft22, 8)= 0,03082 . Ly
e - AREAL 8)2 —367.04 $O.-THe —— — e
oo
St F( 9, 9= =,00020 F{ 9, 8)= ~,00000 1
- . FLGp16)=—y 86000 e Fltly—Or =y 00 00— —
e F( 9411)= 0,00000 Fl11, 9= 0,00008 ;
LE . _F{ 9442)= 0,00000 - - —— — F{12, 2)= 0,00600 — - — - —— !
- FC 9,13V = g,.00000 F{13, 9)= 0,U000D ;
ey e — e~ F -9y 1k = 04000086 - —- - Flil, 9)= 0,3700 - ;
N . F{ 9,45)= 0,00090 F(15, 91= 0.00CQD }
- FL 0,16)= 000000 F{4i#y—9)=-0,00000 :
X i FL 9,17)= 3.00000 F(17, 9= £.00000 ]
) - i . _F{ 9448)= 0.00000 .- — - - F{1A, 9= 0,00000 . —- — - ;
— ‘ : : F{ 9,19)= .04000 F{13, 8 = ,00750
, e e FC 9920020400000 - —— —— F(Z0, 9= .0,00000- - — -
- : Ft 9,21)=  .D6479 F(21, 9= .0621%
‘ i El 932220400000 ——— —. - F{224~-04=-¢- 03343 _ _

AREAC 9)= 412.77 SQ. INe

-
PRI P S

e _FUil.10):= =,000¢0 . . .F{20,10)=.-,00000- —
Fe10,11)= 0,009 Flii,10)= 0.00000
F{10,12)= 0.00. —F{12,10} :-0.00000
F(10,13)= 0.GCt CF(13,10Y= 0,09230
. —_— . F{18,14)= D.OLY . . FlibyiM¥= 0,00000 - —
< F(1J,15)= 0,000." F(15,10)= 0,00000
- . F(40,16)= 04000J0 —- -  F{iby10)= 0,00000 . -  —— ——
: Fi10417)= 0,00000 F(1, "Vv= 0,0003
@ Fii0, 480 = 2.05000 . F{3A,3 =0,33000—
: ' : e Fl1u,19)= 00464 Fti9,1:0= 00316
... F{19,20)= 0.00w30 . _. .. F(20,10)= 0.00000 .- - —— —
- Feio,200=  .31067 F(2i,10)= ,27100
: — e - FU4Uy22) = 0.00000 Fl2z,10)= §,00000 - -
. . ARCA(L0)z 375,33 SQ. IN.
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SYSTEM INTERNAL VIEW FACTORS - — — < om oo e - o m
itmm vl )
: e FUi4448) 3. 405228 . LU FULL4ad T GI8229 .. e
e ) : F(11,121=2  ,10796 Fl12,110=  ,0%36%
s e FA{11413)= 407545 . . F{1%,i1)= L0315k ..
Fl11,14) = L(6154 Flivyi)r= ,02291
. E1{31,15)=_ 04054 F{15,140= (015565
F{11,16)= ,09254 F(16411)= ,18528
e e o F{11,47) = L093&6 .. __ . F(174,41)= L3R40 -
Flii,1M) = 00563 F(1m,i) =  ,01173
e . F{11,19)= D,00000 ... - F(19,41)= 0,00000.——— .
. ) . F(L1,200=  ,42691 Fl20,11)= ,1%97%
¥ . F(11,200% 0. 00060 F(21,113= y, 00000
F(11,22Y=  .04347 F(22,11)= 92471
—— - —~- AREA{11)=-..150,80- SQ, -IN, —
. F12,12) = .13315 F(i2,12) =  ,13315
—_—— R 13 L P43y 12}y L4795
F(l2,14)= ,09R01L Fli4yi2)=  ,09023
—— e Fl124145)=. ,05683— - - - - F{15,12)= - 057H3 — o
F(12,1h)=  ,061%5 Fli5,12)= (3974
e s e F120 000 = 15753 - FUA7,12)= G 3503Y e e
: . F(12,18= ,02234 Fli8,12)z 11523
g EL124 19020400080 — — —  F(19,12)= -0, 00000
. Fri2,200= ,2Rrily Flz0,4i2)=  ,28705
e e F(12,21) = -1,00000 - - - F(21,12)= 0,00000 — —— ——
Fi12,22)= LU527T2 Fi22,12)= .07412
e e ~AREAC12)2 - 372495 SQ¢ INew coomm oo
; .- F(1%,13)=  ,17219 F(13,1D s .17209
! ‘ e e FUL3418)3 . 417169 O L TR =T 137 7 O
i . F(13,15)= ,D9152 F(15,13)=  .08977 ,
P — e e FU13,46)= 04687 - Fi15,1302 07970 — o —
2 . - : F(13,17)= .12854 FI17413)=  .27645
—— e FU13,18)= . 05685 Fl1A,1V = 23351
F(13,19)= 0,56000 F(i3,1%1= 0,09000
e _F(13,206)= L1368 .. CF(20443)= JL6SS¥._
F(13,21)= 0,00000 F(21,13)= 0. 00000
—————— L FA43,22): (07714 Fl22,13)= 10685 . .. ... .
AREA(13}= 360.71 SA. IN,
—
— e _FUilg18) = (20006 . - .. FO1k, 180T L2006 . S
F(i4,15) = 16368 F(15,18)=  .18717
e . __F3,18)z . (0365 . . F(13,14)= L94963 i
, . Fl16,17T)= ,054h3 Fli7,18)= ,13195%
T F{ibyaMy=. H5565. S -YPY PV CUNE YT S
j Fti4,99)= 0,00000 F(1a,ib)= 0.00000
. ~FUihel D)= 20827 - . FU23,4ld= L0399 - .
] ) Flib,21)= ,00000 {21410t s C,00000
: 5 : FU14e22) 2 «13629 . L OF(22,18 = 20508 —  — o e
A © AREA(L4)= &05.12 SN, IN.
— e FU45,18)= LT6047 (15,150 26087 —— - — . . _
& FI15,16)= ,00673 116,150 331354
S S, . ——— e = FS4 173 L6193 (1741%)= L0L2006. - _—— —_ —
o T F(15,18}= .C2810 {18, 18) = L14291
04551902 .0,00800 . F119,1%)= 0, 00ND08——- c—
F(15,200= .052%9 F(20,151= ,05711
oo _F (15,240 = B.00000 . FE21y45)= 0o00308 - ~. — e e
- F(15,22)= +29585 F(22,15) = ., 41014

~——— AREA(L5)= 367,76 SQe - INe —— .. . .

FIGURE B3 (N-1 OUTPUT OF NOZZIE INTERNAL ANALYSIS(cont'd)
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_— fe oo - SYSTEM INTERNAL VIFW FAGTORS - ———— - —
Fi1hye16)= 0.00000 F(16,15)= 0.00000
e FU46,17)2 0,00000 - -- - F(17,1A)= 0,00000 - — e —
F(16,1%)= 0.00000 F(18,16)= 0,000d0
e - . —-. F{1By19)= 0,G0000 - .- F(19,158)= £,80000  — — o ——om
: FU16,200= . 4G508 F(20,1R)= ,)9302
e e e F {164 24024 BLE 00 e F{2 4y 15124 100 w5 -
F(16522)= ,00101 F(22,16)= .00029

e~ AREA(1H) = T5,40 SQe- INg - e -

F(17,17)1= B,00000 F{17,17)= 0,00000
E{174148)= 000000 ——— ¥ {18,417 =0,83000
F(17,19)= 0,00000 F{19,17)= 0,93000
e e . F{1742U)=  (OTLSU - —— . F{20417)5 4335683 — — — — .. .
F(17,21)= 0.,0000C F(21,17)1= 0,00007
e e e - FUAT,22)= . (04139 . F(22,17)=- ,02594. S -
' : AREA(17)= 1%7.71 SQ. IN.
. . F(18,18¥= 0,00000 . F{(18,14)= 0.00000 —— -
F(1By19)= 0.600GU F(19,18)= 0,00092
e F(1R,20)= 00450 F(z0,18)= ,0U0096 - - -
F{18y21)= 3.000N0 F(21,18)= 0.00000
e e e _F{4B4 2202 L13076 - ———~F{P2,1R)= 4 A3564 e e
ancRriEy - ¥A_ T8 ocn, T
e e e e F (194490 = 0,00000 . .- ——. F(19,18)= N, 000600 - oo oo e
F{19,23)= 0.06332 F¢23,191= 0,30009
FL199283= 06036 F{21419)5— ,I8192
F(19422)= D.00VO0D F(22,19)= 0,00000
e e~ — AREA(19)= 550,28 SQe¢ INgomon oo oo e
F(20,202= 0.00000 F(237,25)r 0,3)¢00°
e EL20,213=.2.00830 — —  __F(24,20)=0.030452 —
Fl20422V= .09395 F(22,2M= ,12016
S AREA(20)= 339.29 SO, TNe. - e _ _ 2
F(21,2%)= 0,00000 F(21,211= 0,00000
F(2142202 0.00000 - . - __.F422,21)=.0,0000%
AREA(21)x 430.76 SQ. TN,
e e e F{22422)= 0.00000 - FI22,220= 0,00000 — — — . .
AREAI223= 265.29 53. INe
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f . input item number Tt I - : R
i (_;// card column 1 ’

Ipsy 01
;5% CC=tEFEYFREURIS RO L5y . . e e R . e

4 ! 1 THIS IS THE FIRST ASDIR II SAMPLE INPUY SETY
<==->

<< GENERIZ NOZZLE I ->>

PP ITTYITRNIY R 3 ¥ Y DETY

]

0204180401 - . B T —
0.0 18.0 2.0 18.0 =-1.0 o101
2.0 18.0 7.0 17.7 =140 n201
7.00 17.7 12.0 17.4 =i.0 0301
12.0 17.14 18,0 16,1 ~1.0 Y13 8
18,0 16,1 24,0 15.0 -1.0 osnt
0.0 1242 240 12.2 +1.0 imRd2 - B
2.0 12,2 7.0 11.9 +1.0 graz
7.0 11,9 12.0 11,3 +1.0 0892
12.0 11,3 1840 0.3 +1l.0 gan2
18.0 1043 24eU 9,38330 +1.0 1002
0«0 12.C 2.0 12.0 =1.0 1103
2.0 12.0 7.0 11,7 -1.0 1203 - -

7«0 11.7 1240 11.1 -1.0 1303

12.0 i1.14 1840 10.1 =1.0 16403 !
18.0 10,1 r{ry 9.184936 -1.0 150%

0.0 6.0 2.0 6.0 +1.0 1606

240 6.0 7.0 3.7 +1.0 1704 y
T.0 3.7, 12,0 0,0 #1.0 1806 - -

12.0 0o.0 24,0 00.0 +1.0 3514

0.00 12.2 a.,00 1R.0 ~1.0 0600.0 19 {
g.00 6.00C 0.00 12.0 1.0 3%00.0 20

24,0 9,38318 24.0 1510 1.0 f450.0 21

2440 00.0 2440 9,1893b ¢1.0 0460.0 4

240 - S e - - . . i
0001 ]

«Q2777 «05910 06071 03051 «N1B9% «12460 «18336 «TW536

«U1197 «00353 C.23000 LeJ00CO G,30M0Y 9.,0103? Led0Ya" Je I Y02

8.0006 0.00.00 s 42323 ve.03C00 U2643 g.0caGe
226.19467

+06h88 su52h 7 «03384 02205 «.08216 « 27332 «1237%% Q3N
00742 0.U0UGD 8.00000 o.00000Q g.00n00 n.000N0G 0.06GL00C C.J300%0QC !
0.00000 «240214 G.,U0U00 «J33239 [T RL ]
561.78278
+065695 »06083 «NIL3A 02256 «16296 27013 11345 12219
0.,00CG0 0.,0G6900 ve0300C JedA0JD0 0.L00%9 C.23.0C 1.%4)24 ".ugoopr
12404 0.06G30C oDeTi7 0.00000
55C.55384
«08X15 «J5913 ~u05%06 07938 +15743 «30130 <2006 ¢ 0, nouoo

0.00C00 O, 0uu00 v.yJaeu .00000 1.,00000 0.0U000 N.0N300 06122

0.00000 «UB632 0.00000
63443746 |

«03024 « 00105 « 00787 «U31R7 «176%3 «29549 I.00300 n. 30087

g.o0000 d.09C0¢ 040320 t.CHUNT LeattN23d0 0.33233 » 23854 taedd2n

«23773 0,0C030
555 -Cv154 ’

deluldnn 1.08720 1.,71200 0.00000 g.0o90n 0,n100500 J.00000 n. 00000

0.0U0000 e 30QRY 0,030"" 9.nauanpd g.o0000 40724 0. u02Ng «C1D09%

g.0uu00 - -
153.30972

-.00600 0,00000 0.00000 ©0.00000 D0D.00000 0.000, Yool 9, 19009

a.00000 0.00000 0.00000 t.0y0438 «16330 9.92000 I PALE] deduwb_,
379,26271

~.0uC00 d.30320¢C 0.00000 Ya0J0Gul {.00U00 0.0UNOU 0.ungoo 1.00000

g.c00U0 0.00000 0.00000 +113870 g.0n0Q0 «U1516 n,0NJuo
367.u3923 i

-,00000 ,00000 0.01000 0,01000 C.C0021n 0,21000 d.0010¢C P.0u3Qn

0.000N00 0.00000 - 61004 U.04030 «LHE? N.GI06an
442.76654
10 -.00000 Q.0Guu0 g.00000 n,00U00 N.nQgoNa 0.00000 0.000n0 n, 00040

10 0.00000 «004b% 9.00000 «31067 0.00000
11] 375.32565

10 «05229 «107938 07545 «0615h «O0M061
10 0400030 «42691 J0.0vu000 oI LINT -

PR TRV NV TR A A S W W R ar P R R I N R ol ol o
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OO LUOMOOODOO

-
00

A
bt ek Pt Pt Pt Pt i Pt pt Pt Dt it it
OO EOC=ODOC

K

Yt s
Qe

éﬁ

e
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»03764 « 09744 »00563
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L

1& 150.79645 . . ‘
: 1 *13315 11404 .09801 «05683 +06135 +15753 .02234%  0,00000
Fa 10 26144  0.00000 £05272
. . 11 372.,94823 .
e 10 . L17209 «17169 . 09152 201667 12854 «25685  1.00120 .13589
= .10 8.00000 07711 . e e e -
. 114 366.,71096
10 224006 .16355 0365 + 05463 .05555  0.00500 .08291  0.00000
10 13429
e 11 405,.12272 . .
- . 10 26047 . 00073 . 01935 02810 0.00000 «05269  3.00330 . 29586
. 11 367.75977 . I .
10| 0.00000 0.00000 0.,00000 £,0J006 «40508  0.2300: «0313%
11] 75.39a22 :
1u 6.00000 G.00006 0.00000 «UTH50  G.00000 04109
11 16771474 - -
. 10 0.00006 0.00000 00450  0.30000 «13076
- 11 72.3p0211 O
; 100 0.00000  4.00000 .06405 0.n0000
11 550.2R137
. 19 0.00000 0.00000 .09335
P 11 339.29201
. 10 6.00000 0.00060
11| 43p.2%975 . - s - ;
10 0.00000 :
11 ¢65.28971 N .
14 010500 }
N 15 0102030405
=4 14 0205
% 15| 0607080910 B - 1
= 14 0305 )
15| 1112111415 ]
— 14 D4DyOO i
S 1 dgarenas - - v
16 010001 Q0.0 24,0 '
17430.26 e e l
18| 0§ {
15! 2300 01.0 - e e —— - _ - ; %
19] 2400 0%.5 v
19! 2500 09.5 - T, — e - i
- 15| 2600 15.0 ) ;
= 19| 27060 21. - e e e i
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»¢ ENGINE DEFINITION
AXTAL

~2. 0000
0. 000k

¥% CASE DEFINITION

_ PLUMT ANALYSIS

® xR ASDI R WS

RAOTAL
o T 1.0000
« 7658

(FEED)

WAVELENGTH 3.7500 48500 MIGCRONS
ASP ANSLE 0. 0000 DEGRCES
® PLUMZI DATA IS CALCULATEGL. __**

* FLIGHT CONDITIONS *%

ALTITUDE IS 5.u>. FEET.
WEATHER IS IGAN MIL STD 210 STANDARD DAY
WITH L000330 WATER GINTENT,
VISI3LE CONT®AIL IS NOT EXPZGTED
CASE MACH MUYMBFR IS .50 AT AMRIEMT
PRESSURT OF 12.23 PSIA,
YEMPERATURE 2F 501, DEGR.
VELOSITY OF 599, FT/SE3.

ENSINE IS RUNNING WITH A FUEL tQJIVALENCE RATIO (ZQR) OF .285

*v FLOW FIELD INPUT

.

RADIJS VELOSITY  TEYPERATURE XG0z _ XH2)
(FEET) (FT/3EC) (DEG R) ’
0.0000 1551.25 1450e00 2137842 LJu2.1t
<0766 1651.06 14C0. 50 37042 42,14
1532 15351.06 149G un 2037842 STYFIE] B ~
.2297 1551.46 1482.08 137842 L6211
. . «3063 _  1551,06 140Ls Uy L237842 Wu2411 N , e
<3828 1651, 06 1400Geu 2037842 sub2oLl Core Nozzle
44595 1651, 36 Th1dedu W 337842 0421t )
+5360 1551,36 14U0,un 037842 Ou2.11
. .6126 1551.06 140010 U308 ILZILL ~ )
6892 155,46 14,0645, s 37842 ssu2ait
. .7558 _  1BS51.06 1408 6L eu37842  Luu20ty o o
« 8424 1088401 BU7.19 «CUD33 «303330
.9189 1288431 6.7.19 $J6133, $ 324332
+9955% 1088401 5u7.19 200333) W20u33
1.072% 1.8R.01 Bu7e19 « 000334 $113330 Secondary Nozzle
1.1487 1i88401 6.7.10 053332 2521333
1.2252 1488.01 . BO07ein .ub3335 _ .3u0330 .o
*% AMBIZNT CONDITIONS
1.3018 598,97 500,86 .000330 +000330 ”
** INPUT PARAMETERS T T T T - N
PLUME AMBIENT
PRESSURE, P .839 2832 ATHODS, R§ = RPN R
SPESIFIC HEAT, GP «295 BIUY/LD-F _
GA3S CONSTANT, X s 53,472 FYUF XC = Plume core length
SP, MY, RATIO _ __ _ 4.30% S o »
MACH NUMSER 1.030 REND « Radius at the end
SECONDARY PRESS,.= _«B56 ATKOS, of the piume.
AL = Effective plune
... RB=_ _ .76b XC=. 6,702 RENJ= 28.408 AL= 225,162 length.
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PN = L7asTecess, T
RSN = .125€+01, ottty T mTmr T i T
XP T =000, - T T
RP Tz g.,0, T - o P h T )
1473 & W 7 B i
TANE ~ "= .9g+0i, T
EQR = .25E+00, T T T N
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1.

¥RYTOTAL SIGNATURE OVER THE SPECTRAL BAND 3,75 T2 +.85 H!CQJNE.AT A RANIET OF

FOR AN ASPECT ANSGLE OF 0s0 DEGREES IN A NURe ATHISPHERZI®SF®

P Neniagty o

SVERICLE ALTITUDE = 1452 KM AND ORSERVER ALTITUNZ = 1,52 KM

.UMZ POINT-SOURCE SIGWATURE

EFFICTIVE BLACK U0OJY AREA - A38 = 1627.1900 3439
. __EFFECTIVE BB TIYPEIATURE = T38 = T43,u513  JT5¢
EFFZCTIVE BACK50UND TEHMP,-TALCK= Je33.3  IFGX
APPARENT RADIANCE 34.6718 WATTS/37Z47TaY
ATTENUATED HMETALS 84,2427 HWATTS/3TERADIAN

. _ METALS = 150.9029 WATTS/STERAJIIAY
PLUME GAS SPECIES = L4280 NATTS/STERABIAN
. _ _BACKGROUND = 0.0000 WATTS/STERAITAN

e St Bk .

#¥¥7DTAL SIGNATURE DVER THE SPECTRAL BAND 3,75 T) 4.85 MIGRINS AT A QAVSE OF

FDR AM ASPECT ANGLE OF 0.0 DESREES IN A NOR. ATHIS2HERZ*P®

SYEHICLE ALTITUDI =  1.52 KM AND DRSERVIR ALTITINZ = “u.09 X4
JUHE POINT-SQURIE SIGNATURE o

EFFECTIVE RLACX B0DY AREA - A3% =  1623,1900 1450

EFFICTIVT 383 TSHMPERATURE = 187 = 763,0513 J7G6¢

. .. _EFFICTIVE BACK30UND TEMP,-T8ACK= Uetelp 235K

4

APPARENT RADIANSE
_ ATTSNUATED METALS

73.3132 HWAJTS/SIZRAITAN
79.5751 HWATTS/3re01T4N

HOTALS - 4004339 waTTRFASTIRATING
o PLUME GAS SPECIES = 3371 HATTS/S5TZIRAIIAN
BACKGIOUND = 0.0U00 WATTS/3TZRADIAN

00000 G g S

PE¥TOTAL SIGNATURE OVER THE SPEZTRAL BANDI 3475 TD %.85 YISIINS AT A RMN5T OF

FO AN ASPECT ANSLE OF 0.0 DEGRETS IN A& NOR, ATMISO4ERE™*®

$VEHICLE ALYITUDZ =  1.52 KM AND OBSEIVER ALTITJDI = 1.3} X4
.UME POINT-SOURCE SIGHATURE
EFFZCTIVE BLACK RNDY ARIA - ARS =  1623,19.1 3451
e EFF:CTIVE U8 TIMPERATURE - TAR = 743,.51% 336K
EFFECTIVE BACK330UND TEMP,-YRACKS 242300 YI6K:

APPARIZNT RADIANCC
ATTZNUATED MLIALS

50,5550 HATTS/STTRADIAN
56,5245 HATTS/3TZRAIIAN

LU LI TR I 1

e METALS 160.9029 WATTS/STTRANIAY
PLUME GAS SPECIZS SUIUS  HATTS/317R43144
e v ..__ . BAGXGROUNUY U.0ud0 HATTS/STZRAa)IAN

FIGURE B10 GN-1 IR SIGNAUTRE QUTPUT (SAMPLE)
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e

| ASDIR

L EXHRUST PLUME OSPATIAL RADIANCE
P | ASPECT ANGLE S0 DEGREES

i

» TRl i

R -
© 0.20 E -4 NATTS/ST./CM? b .
a  0.50 F -4 WATTS/ST./CH?
v + 1100 B -4 WRTTS/ST. /CM?
X 0.15 f -3 MWBTTS/ST, /CM? .
. ¢ U.20 F -3 NRTIS/ST,/CM?
D 0,25 B -3 WATTS/ST. /CM?2
’ Z 030t -3 MATTS/ST./CM
Zz 032 FE -3 WATTS/ST, /M
P FIGURE B11 GN-1 PLUME RADIANCE SPATTAL PLOT
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»3475383E-33
«IN63113E-12

»2031L857E-08
«13303752-Nn8
«1532514E~-013
«1207741E-02
«7033116%-03
»38L65062-09
«12025152-09
e.
ele24232%-03
e1337884%5-4u8
«11213963-08
+85132603-09
»59435592-09
«37344898-09
«13535315~83
[ 1
«1351353E+00

e



#%% GN-1 is a single engine (Figure 1)

with no external surface radiance, le. engine-internal-
hot-parts-with-plume only. *%%

isolated in space

GN-1 Altitude: 5000 FT (1,524 KM)

Speed: 599 FT/SEC (0.5 Mach)
IR Band: 3.75 to 4.85 pM

Key Observer

Sym. Altitude-FT Slaat Range-FT
O 5000 16000

o 0 10000

A 0 5C000

. ASPECT ANGLE FROM TAIL (DEG) ;
90 80 70 60 \/ﬁO . L
SRS / | \

!

T 1
10 20 30 40 50 60 70 80

90 100
APPARENT RADIANCE (WATTS/STERADIAN)

FIGURE B13 GN-1 IR SIGNATURE POLAR
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APPENDIX C
GENERIC NOZZLE 1T {GN-2) DEMONSTRATION

A second typical single turbofan engine case has been developed for
- the purpose of demonstrating the operation of ASDIR-II {for a practical
' configuration. Various alternative 1/0 modes arc also demonstrated. This
second demonstration involves not only the engine internmal hot parts and
exhaust gas plume emission, but also the IR emission from external surfaces
: of the entire aircraft. An IR missile from one mile will have a field of
L. view diameter grester than 100 feet which is sufficiently large to en-
compass even & large aircraft. The dewonstrator aircraft is shown in
Figure Cl with teomperature and cmissivity data given in Table Cl. The
4 separated flow, axisymmetric engine cxhaust nozzle (GN-2) has an external
plug as shown in Figure C2. The view factors for GN-2 werc obtained as
demonstrated for GN-1, and this demonstration begins with the SiGSUB
summary of which werc alrcady cstablished in a "previous run.'

P T

X A zero elevation analysis of GN-2 will include, in addition to
external radiating surfaces, the IR signature resolved in two IR hands
(2.5 to 3. and 4.5 to 5.}, from two ranges (60706 fcet and 12152 feet), and
each range {rom two observer altitudes. In addition to thesc points of
primary interest, the zero vange reference point source will be included
das will sume aspect angie (U, 1Y, 5U, ouU, Yuj) coverage. Note that the
IQIECK control will be exercised in this demonstration. Also note that

i this cntire analysis was performed with a single Input Data Deck in a
L single computer Tun.

The Input Data Deck is shown in Figure C3 for the IR signature in
which the SIGSUB engine representation has been determined in a preliminary
run (not shown). The external radiating surfaces for zero clevation are
included in IDS-Z (EAREA, ElIMP, NEXT). Note that the target aircraft
is characterized by a single set of values for altitude, Mach number, engine
operation, and plume. The aspect angles can be verificd in S1BZ of Tigure
C3, and the ranges and obsecrver altitudes can be verificed ia Figure C5.
Observe the use of TCHECK, in Figurc C3, to control the recycling of the
programmed sequence. Also note the repeat use of IDSZ in Figures B4 and C3.
- In Figure C3, the EAREA's corrcspond to aspect angles shown in S1B2.

The signaturc output begins as shown in Figure C4. TFigure C5H is an imp-
roved output format which requires less paper than the old format of TFigure
B10. TFinally, the IR signatures are plotted in two bands, three ranges,
and two obscrver altitudes in Figure C6. 1n passing, it is to be
L acknowledged that provisions arc not included in ASDIR-TI for asulomatic
ot plotting of the IR signaturc polar which makes hand plotting of the
output a necessary part of data reporting.
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TABLE C1 EXTERNAL FEMISSLON DATA
= —
COMPONENT | NO. [EMISS. TEMP . AREA*
°K cM2
& i €(1i) ETEMP (i) ATOP (1) ASIDE(1) AEND (1)
BASIC A/C 1 .60 278. 827767. 283818, 122632.
AVIO COOLER| 2 .80 306. 26942, 13472, 1435,
ENGINE BAY 3 .85 333. 44745, 44745, 17953.
ENG SHROUD 4%4 . 9Q 36l. 10363. 10363, 3932,
NOTES:

* ASDIR2 accepts aspect angles measured from the teil, The
aspect angle i3 the resultant of the azimuth (B) and the
elevation (x) as measured from the nose. Azimuth is positive

f toward the starboard wing and the elevation is positive up.
) The aspect is determined as deseribed in Appendix A,

The external radiating areas are prepared for input by the
i following;
i EAREA(i)=(€ (1) )* (ATOP(1i)*]SINX [+ASIDE(1.)*]SIN@*COS¢7([+
.3
AEND(i)*]COSP*COSfX[)

“t where ] [ denotes absolute values and azimuth always occurs

£ first, then elevation »ccur din thg azimuthal plane.

**%* NEXT is given the largest va.ue un’' or NO, 1,

1
X
&=
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LS
SIB

IDS

IDS

N NN

w

L2 — e
s

2318.34  762.61 Nney _ e _
2185.78 72ha 4R 100

2“__0)_&_0 7_‘_4», ‘nj_. Aﬁr)”’Ag' 3 an . e — B
1267 .16 667,72 6.l

| 435,49 BHAL7S Ar.n »
CHASE ALTNAS (1) =7%5 '.y..,ALTjL“'ﬂﬂﬂﬂ.a\WI 2e Gy AMT=T, 00,

~ "ID'\NH—-C’, ) L . R
kl XT q,ﬁTr'{O(i) )7l30, '3.,3-{30’?[\1\.,

. [—_Q"\F_f\(l)i?"’(,70. 11.“-064,1)") 0,3‘337(]-Jg_ e —
RAMNGT (1)—”-,1“70:,.‘.’1)-.,(1”/ o,ia’ls:’-,
| NP=2,XP={2,1,?7=7, o .

_,,)_- ———
| RPN=1L1.5%2 EwN 15585, °TE=12, ﬂ,ﬁfL 2,

IPLUMIN B
[ EpONER MAAM=T L JFET=2,CLTH=",
_EPI=22,635,
TFENRT=

TCASE

5, TS 3¢nn=n,q, °°“Q—H.9q,-”

NBAR .N\Q’\"")l S.RA.

r-rJ"\-")i 1’3’4,TT'3\J 1“””. yTTqM ﬂ';- 9"”&_?(\72_3_/_

69)7-7
112,

TEACT A (L) = 102032, %7 L.y 21023.,51"

F)-’

b‘)

SASE”
rl\”rl\(1)‘1'+“ﬂ57.,fw"i'!i.,j"?";?.,/? R.y

F]

f/'-) '

__20AS%

EARE A(L) 2184262, ,39° 7. ,50567, 39867, ,

- -‘, e~ o e e .

EARLEA(LY=1700291. yi”7 73. ] 33033, ;Gw:’j? [N PO .
3
L IOASTE ICHEOK=1, AMT =, , Y rar —

EACE f\(l)~73‘;7q-y~-’l)”~7)o v BT9,,

_FARCA(11=102022.
T

2

| SCASE

;_3'.]- s ’21 ’.],‘Zn y 510

EA[ZEA(l):ll‘RSGﬁ’- y‘:\?glo ,32?\59_0 y

',__EAD\EA (_1):1. 4 2672, Y 'JSUT- H 4 567,

3

,L{B’:Z.-,A,_- e

| IGASE —_ R
EAPEA(L) =17.291,,1.,778.33R732.,9327%,.,

B e
QF‘AQF TFD\]"..TDUI— ‘,t

FIGURE C3 GN-2 TR SIGNATURE INPUT DATA DECK
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. GOPY AVAILABLE TO DBC DOES NOT
- PERMIT FULLY LEGIBLE PROGUGTION
K -
e L “a,__'__"' ¥ A9 071 ')\ * X =
U e omIgMT oANMALYSIS .
¥ ENGINT DEFINITINN
i 'S F Y 7 ranTaL (FEETY
. T T 2auwen T T A ween o )
1,00 O3 7 ———
LA T¥% pLyG NEFINTITICN T T T T o T ’
{ I TS €  RADIAL (FEETY
1,000 L5333 o
%% GASE DCFIMITION B
‘ “"ﬁggﬁgﬁgcTu I TR R I, L0 A1e2ons T T
CAST _ANGLE e een DUGRCETN o L
¥ PLUME DATA IS RALGULATER, s+« 0T mommmoes o
B _** FLIGHT CONDITIANS *#% SO
7 ALTTTUAE XIS sean, Ffrev, i T -
- WEATHES TS TGAQ MTL STA 24- STAMDACH )AY

WITH SN 3
. . MIsInLr oo

) " CASE MACH NUMRED TS

. PRESSURE 0OF

g ~ TEMPEPATYRT NF

OWATER COUTTIT,.

NIZATL LS InT TXRIATIN e

+ 57 AT AMAIENMT
12,27 °3IA.. ] .
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583, FT/3F%0,

VTLNCIIY OF

ENGIMNE IS RUNMNING WI

FIGURE C4
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¥¥ FLOW _FIELN IMPUT _ —
PADTUS YELNGTTY TTMA_ 2ATyYSCT R GLY COXH?Y
(FEST) (FT/500) (nrg 2
Ll . — e e N — [P e e e e et e mma
. + 5837 1965108 iany,nn 037843 N ENAID S _
- 6214 1651.%6 Lhnile iy LU37843 SRR
e .6?)(‘]27 . 716‘?’1 01‘-) . 1t{u‘ny i L ,!,,IJ-z' 7“‘07 77“_7‘77{]_“ 2\]117 .
- «hATL 19551.7% 1600, N T AYD cNL2u1t
L .135% LB SBLlenH LN G NF7RLTY  uaPut -
. L7730 165L.0'5 Lhiye b1 w3 78102 YANEES
T 8179 13515 14 - .0y LT7RED Jha2init
) . B4R9 1651406 L6 o HU W 11T7477 s 12011
o WBRRY 1B51,.05 RS ATRT SUTTEN2 PG
.3c47 1331,045 thiyenun JG27AL2 ULyl
80627 1551.05 Lty L0784 G NL20 1
| B 1.0006 1099 3 HI7.19 LANA3N ST IN :
<., nn Conn,tt wnTel" Lo Nt N
. o 10,765 1. i, 1 A 7eln ATREL NTURELT
- o ) 1.4444 Tess.ul ATTLAN oW uyasI3e SHnn3an
- €% AMBIENT GCONJITTONS
‘ TUTTTTTTTT4,18237 0 588,97 50068 Lugn33S T ,arpr13n
¥ INPUT DARAMETTRS S - o 3
: I I IXIR BMATENT
~  PRESSURE, = » 8139 L8735 4TY93,
| SPERIFTN HEAT, 27 2275 AT/] 3=-C - __ e §
GAS GCONSTANT, R 53,472 FT/c . 3
. _..SP, HT. RATIN_ . _ I P SRR O , 1
=I MBCH NUMER 1..10 !
' . .__.SECONDARY PRISS.= _ _.. . .9558 ATMAOS, o . ,
. neny. = TN :
__Rp= _ ,93R_¥~"= £,170 2IMA= 10,016 Al A4S
- j
: FIGURE C4 GN-2 IR SIGNATURE OUTPUT HEADER (cont'd) .

" GOPY AVAILABLE TO DO DOES NOT i
* HERMIT FULLY LEGIBLE PRODUCTION _ o




falal

a.
0 D0C DOES NOI
cnw IALIBLE ¢ T F PRADUCTION
&
¥ POINT SOURAF T2 [HTENSTTY %% T i o o
SPECTRAL “AKN = 2450 T0 Z.00 4Tr2ANT
_VEHICLE ALTITUNS - 1,52 ¥4 0z S0y XETY R
ASPECT ANGLF - Cof NEGRIG] TN A AR, ATHASO4CRS
_CEFFERTIVE 3LACK 700y APTA - AP3 = 2348 3400 _°vSY ,
EFFEQTIVE AR TIYOI2ATURE - TR = 7532,5100 AT45Y
__EFFEQTIYE RACKAERAYND TIMD - TIATK = la0an _O=5€ —
ASLT 7?\”(; (‘(M/‘lM) “./ ﬂ,, jo/ ,i' "l,/ 2. ’n,,/ i ll {‘I,/ 2,
OR ALT (KM/KFT) 2,/ 5, 2./ 5, 2./ 5, 1.7 0. T "
" BCKGRNMD (W/STR) BV PN PYY A G Ve 1. B DAY, RS S DTS vOF. B
_._‘1FT{\J'_S (W/ET2) 91-4’_‘_1 Ly ﬂlll‘,i?l' {31n{‘1..’,_'£. 24,474 ‘31,’11?'!.,._
ATT MET (W/STR) 46,7549 2.6 705N 15.8747 t>.5297 12,001
PLM GAS (H/STR) , 3497 Ce s R12 M UL L F2A2
CXT ©MS (W/STR) . 198, YA .»)t, LAY ISR
APP RAOQ (W/ST2) 47,7974 28, %4 7 15.92219 15.74%54 12,7120
’ ) PATNT SNN20E T2 TNTIMYQTTY *&x%
CSPESTRAL RAMD - 2,50 TO T, ATrRONS i ’
L VIHICLE ALTITYIS - L,52 KM 0 R, " 47T
ASPICT ANGLE = 100 DEGAEES IM B8 CI0, ATHMASD47RT,
FFFIATIVE ALACK AWMy A20A - ARY = 2§98,7R7 T49g) ~ i
5 EFFEGTIVE AR TEIMOERATUNE - TR = 7204,4A00 NTGK
_EFFEGTTIVE RAGKARNUND THMD - TAACK = A,nn00 N7 i
SLT RNG (KM/Z4Y) e/ U, 2,/ 1. 4 2, 2,7 Ls ol 2,
' 0’3 ALT (KW/K:T) 2', 5. 2 / —c 2./ 30 ﬂ./ Uo l]./ ’.
' RCKGRMND (M/STRY U, 0000 6.0000 g, 0006 g,nnan Goton
C OMETALS  (W/ST2Y AL, 4060  BU,1U50 AN, 105N AL .175, 5 ¢1 A"
i ATT MET (W/STR) 44, 7565 13,8600 1L, P24 11,3779 a2, 4fR43
_ PLM GAS (H/ST2) 1.7957 L N1727 IG5 s 7575 L2
EXT 7MS (W/ST2) W 2R12 .nﬂzs s 739 775 . SQ°
__AP? RAD (W/STRY 4h, 3344 1L, b4P 1.9731  11.5283 83,5517
FIGURE C5 GN-2 IR SIGNATURE OUTPUT
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@_' T SBECTRAL TAND - DL, T 3,0 qTeNS
o VEMICLET ALTITUIT - 4,00 pd AT r oo c oy
ASPECT AMSLE - LU TGTUR IN A 02, ATUISYTRT,
C_EFFIOTYYE O ACK A0V APEA = AR = 2 AL P SN
CFFOCTIVE PR TMOCRATURE - TPU = 48 24, NIn(
LFFECTIVE BASKLRNUND TIMe = TRATDY = EATR AR S
SLT PNG. (KM/' M) 1/ L 2 1. tog/ 2. 2,7 i, Lo ! e
- Or‘ ’\LT (KH/I‘(:T) 2./ 5. "’o/ R -l)u/ I_’- -‘o/ ..\o ﬂ./ e
TACKGRMN (H/ST2)  wo"(’n  f,c oo T pLunnn g, anin
METALS _(M/STR) . 2540775 TO.NTTS 2H 77 45540778 36,0775
ATT MET (W/ST7) BERUEE 8,341F Z,hu20 7. h6Ry 5.23146
CPLM GAS (N/STR) . __ 54,8305 « 1178 LB G uN oLt n3
EXT EMS (H/8TR) 4237 L1973 L1113 . 1158 W 803
AP _RAD_ (HW/STR) 28, A/13% q,v1a7 G 2AQN2 Lal BlZ 5, L0
¥ PDINT SOURRE 12 T TesIiy #¥¢
SUEETUAL PAMY ~ DLEN T J.00 MTAI0M3
VEHIALS ALTTIONT - f, T KHMonn, T, 00 KET
ASPEST AMGLE ~ Rl NEFGRYE S T A MO, ATMASOYSI S,
EFFIOTTVE LASK "NNY A2FA - A3 = 4267,1600 "ue
\ . EFFECTIVT ap TP~ 2ATY?> S - T3 = 667,770 )TAKL
"y _UTFFEEGTITYE QASKAIQNND T80 = TIACY =l {2 NTh4 e
SLY RPHG (KH/HM) o/ . .7 L vy 2. 2,/ 1, o/ 2,
0n ALT (<M/KTT) 24/ . 2,/ G et S Vel Al ./ .
BCKCR”WV(U/STQ) I T e T P LR T 0 My fHEIH
METALS (N/STR) 17,6873 275007 370807 AT eDR A7 ARG
i ATT MTT (W/RTQ) 15,5177 g 2611 el 8L T, gy e hRay
PLM GAT (H/ST) By A HIS L0 4 ., L 5h6 377 L1153
| EXT FMS (W/STR) V5379 LATHR L1013 AR L1129
. CAPP. . RAD (H/STR) 0 22,8480 L ha5T7,2 2. 080 TLTTRY

GOPY AVAILABLE T0 DDC DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION
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Lo oonasiE TE W B
La..;..,, ; uLLY LEGIBL, Pﬂwuéu
;
)
¥ POINT SOUPERS I? INTENSTTY ®%x
SPECTRAL "AND - 2,50 TO 2., MICIONS !
VEHITLE ALTTIYA™ - 1,52 KM OR B, " KET e ;
p ASPECT AMGLF < 9., NFGITES IM A 0. ATMASD4ERT, -
" EFFUGTTYS PLACK a0y adkh - 173 = 4 7H AN MR e - 1
& EFFECTIVE AN TI4M00ATY " - TP = /49,7500 I7I45< ‘
CFFEGTTYS RACKAPAIND TZ40 o TIAGK = N, 0unf NIng j
SLT RMNG (M7 ) Na/_ Me 20/ A byt 2, 2.7 ., e/ Py
. »"‘-,'L‘, 'RL1:‘ l\-/‘u'l./‘(t'f?-h——-?—' I o 2 / <. gﬂ I4 a . / il it. 7/ n :
"RTKGRNN (M/STRY) 0. unn TR RRTIRTL T N A T RN
_ METALS  (W/STR) 21,8203 3,8703% 2,423 72,4253 T,08263 i
ATT MET (M/ST2) 3,601l . 028U 7272 7527 f65
DM GAS (M/STR) B, 3R50 L1nne "853 s 7557 "L
EXT EMS (W/STR) YT 1670 1374 ETSE ¢ 17HG
APP RAN (W/STRY 4 ,97%  1,1057 LA L9577 777
]
i
P FIGURE C5 GN-2 IR SIGNATURE OUTPUT (. .nt'd)

NalR




Pt

—

WA L NI caov !

LT AN, s Al LA

Y1 POINT SOURGE T? [4ICNSTTY #se

e by

a4

SEFERIPAL QAN - W37 TA S,y TN
VERICLD ALTITURT - Tah ¥ Bann ower
ASPECT ANGLT - Dell M7, 070 L TN A v, AT e,
FEFECTTY™ HLAMK 1Ny AN AT 2 s Ria,anun
CEFaATIVT AN True - oatye - M e A N [
CEFEFSCTIVT ARCKAIDIND _TEMD - ) 217¢ = Jggnan ot 0
SLT NG (KM/NM)Y 0,7s - 2t 1. Ly ?, 2,7
0f ALT (KM/HFT) 2.7 5, 2,7 5, S/ T, Ae/
BCKGRNN (W/STR) Ce T, e et A
METALS  (W/STR) 17Q,4279 119,4774 500,427 113.4279
ATT MFT (W/STR) 110, 7A7E FAVIRL N Rcle) $9,875% 53,8107
PLM GAS (W/STO) 2e1917 L3523 RELATA L4730
EXYT EMS (M/5ST2) A, HA7Y foRLSH SRR ITE . 7743
AP RAD (N/ST2) 112,670 77,9400 A% 0 70,050
¥5 POINT SOURCE IR TNTEMNSTTY vwx
SPLOTRAL AN = .5 10 AL, MTPRRANS
VEHIGLT ALTLTUNT - 4,67 wn Ao .ol ¥ET o ~ .
ASDTET NIGLE . = dien 0ific o Tm gL, mrwasoata-,
CFERTIVT BLACK N30y A75A - A S B PRI L
EFFEOTIVE QB JUMnooAT )~ T2 TOU G AT
EFFYLTIVE JACKGROUNY T7MD - T3AGC - He0Hn AT e
SLT RNG (KA4/9) 0/ b 2,/ L, et 2 o
0P ALT (KM/KFT) 24/ e 2,/ e nat 5 Je/
BOLKGRMN (W/ST) NN N, Nhah b, nnop- Tl
METALS  (W/ST?) 47, 3A15 AE, T AT, TaR5 17, 7
ATT MFT (W/STR) gn. 1074 The 103 ey N1 25 w3, A
PLM GAS (H/STR) 2,609/ ST 7 Lhond
TUONT CMS (H/STRY L aee g o 6 A 4,050
APD RAN (W/STR) A6, Gl . b Gh, 774 N
FIGURE C5 Cil=2 LR SIGNALURE Oy (eoot ' d)
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B COPY AVAN AT 7 o
FERT il (0 S oy

LEGuif PRODUCTION

- * POINT SOURSE 2 [NTFHe[TY sww
. SPELTRAL AANN - %50 TO 6,00 MICTONS
= CONEMIGLS ALTITUIS = 4,82 KM 02 . S.00 X°T B S
™ ASOECT ANALF - 3.0 NIGRICS TR U0, ATMAST4IRT,
B __FFEEGTIVE ALAGK SOTY A2CA = AR@ = 2094, AN SMSA ——
EFFERTIVE NP TIMPERATIRE - TN} = 59,280 175¢
2 EFFICTIVE RASKGROUNDTIM? - TOASK = (a4l DIGC S

SLY RNAG_(K4/78M) L 2

el . Ta 2l e 8al 24 2.7 2.
OR ALT (XM/KFT) 2./ B. 2./ 5. 2.7 5. e/ 04 e/ D
o BOKGONT (W/STR)  wa unh Foardd 0.00n0 noonou u.nnng
T CMETALS (N/ST). . 5.,AR220 50,5724 GULB274 _AUL3224 BUL327%
5 ATT HET (H/STR) 5a, 431 3a,7Aa45 37,4017 35,7675 28,7819
e PLYM O GAS. (M/STR) UGG LRSD. L AL UD72 L L e 5h8s . _aB370 .. L5683
. FAT EMS (W/ST?) 20,7920 13,8479 11,5525 12,1305 n, a505
- APP RED (W/STRY . 84,2201 54,6645 45,7728 43,0231 . 23,2807 _
s
1]
A - o -
= , ¢ POTHT SOURGE T2 INTSMSTTY #2% . - T )
" TSPICTRAL mANA — Le5U TN S,u0 4TR20NS -
C VEHICLT ALTITUIZ = _ 1,52 K4 OR G.uy X1 o A
ASPECT ANGLE - ANl DTHRECS TN A MAR, ATMISOHERS, ;
_FFEFECTIVE "LACK ap0OY_AREA - APR = J2A7,1600 7MY e o
EFFERTIVFE 38 TOMPERATURE -  TAR = B57,720(0 154K
__FFFCATIVT SAGKGRAUND TEMP - T3AGK = Jeul 10 N5« _
i SLY RNG (KM/4M) o/ Ca 24/ Ae kel 24 24/ L. hed .
. o- 08 ALT (KM/KFT) 20/ 5. 2.7 3. 24/ 5, Yt . t.s o1,
YRS . IR R R _
‘ BOKGRND (H/7STR) Fep 40 Co NI f,3nIn T L)
METALS (W/STR) 31,5720 11,5376 31,5334 31,3734 31,5774
ATT MET (W/STR) 31,1575 25,8157 17,4991 19,5070 15,1272
oL GAS (W/STRI 4ai 973, . 40577 «5123 L B4GL2 L3181 ¢
« EXT FMS (H/STR) 26,7267 - 17,57TRG {6,756y 15,5334 12,5114
8 APP RAD (H/STR)Y. AL ST737 . 2923037 _ 32,8070 ... 35,2301 . 28,134K7
I3
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o | APPENDIX D

& GENERIC NOZZLE III (GN-3) DIMONSTRATION

- The final typical turbofan enginc case represents a twin engine
aircraft shown in Figure D1. The engines arc mounied together in the
tail and have a partially mixed flow axisymmetric exhaust nozzle with
no external plug. The plume interaction which may occur in the real
exhaust nozzle with plumes has not been treated in ASDIR so, thercfore
must be neglected.

This casec will demonstrate output superposition required for the IR

analysis of multi-enginc aircraft and engine shiclding by aircraft parts.
F The sccond entry feature affected by SIGSUB will again be demonstrated
L as it was in Appendix C. The signature will be developed by first
analyzing one engine by itself and then adding the cxternal cmitting
surfaces of the aircraft to the Input Data Dock for the analysis of the
second engine. The two outputs will be added to fowm the final IR signuiure.
. Tgure D2 shows those aspects angles for which low temperaturce external
parts block to some degree the view of the higher tomperature radiating
parts. The cxhuaust nozzle diagram is shown in Figure D3. The several g
input data decks, output samples, and a {inal IR signature piot in the {
plane of symmetry (zero azimuth) arc also shown. ]

T

e IR HOT PaTt Sunmary Input data Ueck for the GN-3 demonstration
¥ ‘ is shown in Figurc D4. The preliminary analysis to acquire the view ' !
factors was conducted but is not shown. Figure D5 shows the SIGSUB g !
input lformat to represent the results obtained from the input of Figure D
b, Tre oucput list of the input is omitted in these figures. Note in l 1
Fir- v, D& that the external radiating arcas of the aircraft are fully !1
de- o "hed by input data (ETEMP, EAREA) butl their analysis is excluded ;

& ty >~ dipput, NEXT=0. The IR signaturc input data deck for one engine
T patt alyirame is shown in Figure DO wherein the NEXT = 4 input on the
C g r -t ™MS2 card is not rescinded by NIEXT = 0 on the sccond 1DSZ card. |
£ T w1 data of Figurc 16 is identical to the engine only data in ;
e ig e D5. A samplc of the engine only IR signaturce is shown in Figure
5 D7 and engine plus airframe IR signature data is shown in Figure D8, ,
i The composite zero azimuth IR signaturc (sum of Figures D7 and D8) is !
- shown in Figure D9. Since the tail shielding occurs only. in the
o ; look-down scenerio, the observer altitude is above the target. In this
L case, a non-zero carth background is required for which a 2009K .
) (62°F) blackbody has been assumed to be appropriate as indicated by
texts on ba: kgrounds.
.
ﬁ’?
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APPRNDIX D FIGURES

CAPTTON
(GN-3 IN A TWIN ENGINE GENERIC AIRCRALT

EMISSION SHIELDING BY PARTS OF A GENCRIC
TWIN INGINE AIRCRAIT

GN-3 NOZZLY DIAGRAM
GN-3 HOLU PARTS SUMMARY INPUT DATA DICK
GN-3 IR SIGNATURE ENGINE ONLY INPUT DATA DECK

GN-3 IR STCNATURE TNPUT DATA DECK FOR ONE
IFNGINE PLUS AIRVFRAME

GN-3 INGINE ONLY TR SIGNATURE (SAMPLE)
CN-3 ENGINE PLUS AIRFRAME IR SIGNATURE (SAMPLE)

GN-3 COMPOSITE AIRCRAFT IR SIGNATURE (ZERO
ATIMUTH)

-D2-

oyt

e e e e e it i o s iirindins

§!
'
li




FIGURE D1

GN-3 IN A TWIN ENGINE GENERIC ATRCRAFT
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TABLE D1 EXTERNAL EMISSION DATA
i COMPONENT [NO. | EMISS. TEMP. AREA*
°K cM2
i (i) ETEMP (1) ATOP (i) ** | ASIDE(i) AEND (1)
BASIC A/C 1 .60 278. 885273, 299111. 160304.
AVIO COOLER 2 .80 306. 20067. 9104, 5261,
ENGINE BAY | 3 .85 333. 67076. 49183, 19045.
Z ENG SHROUD | &4 .90 361. 21832, 13843, 1871,
NOTES:
* See Table Cl for the resolution of EAREA(1).
** The arcas of radiating surfaces must be proportionately
reduced to adjust for shiclding by tail surfaces, wing tips,
and other similar obstructions. For example, ATOP(4i) must be
considered as zero for elevations from below.
1
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FIGURE D4 GN-3 HOT PARTS SUMMARY INPUT DATA DECK cont'd.
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n e BOPY yausg: 10_DDG DgEswgT
. SIBL 16 TERKY Iy
v 2 -G -0, 180, ’ ?”:1 3 Rugu
R Y | B« P I - "ﬂBLt P Gmm
A __.,_ﬁ,g_«:(,.’f&_m_-,,_,:D.‘,,_ﬁ_,__.m, e
_ 2 <0 =0 124,
# . z "Oa "0- 1“70
) ) -0. -0, an .
2 L85, ’ 758, 824
T 1038. ~ T T 746, 73, ) B o
2 77&_713700)‘_____ __Thbse 67,
Z 2285, 763, 38 T T
2 2507, 763, 32.
I Y- Y- T 4 Y A1) DO Tt
2 ebl2. 771. 14,
"2 T e2537. 0 s,y T U T sen T oo T T
2 2v2bL. 775, 4,
T2 T T =0 T TR, T T 80, T oo e
. ID$2 BCASE NEXT=l, NRANG=2 JALTPLM=5. 15, ,A¥T=2,5, MF =1, 7,
- TUNEXYEDY, TR ——~chludcﬁtmﬁm‘r’a*rca_m?nanu
- ICHECK=-2, =——Requests namelist output of $CASE ... §.
- T TBAUK=290 4y «—Typical "Larth" background temperaturc.
d ALTOOS(L) =3%51 l”]- )RANG“(i)"“-,")U?‘chi?l‘??-,
" TTUEYEHPUD = 278,y 3060y, 3370, I6Le, . s
. o EAREACI) = 9A”182,, Wy o Oy Bl i
RPN=11,73yRSN=15, 0y RTE-12. 05 AML =24y, :
3 ;
TDSSEPLUMIN ¢ o o 1
EPONER NPRM=0,JET=2, FLTM=0,5,TSFO0=047, 37020, 98, 7N=7L 30, , :
- - ZC-(')_C),F'“R Ca el I %y T TP ~Lun, u,TT?N D'Jbljﬁ;lj;l—L\l.l 7y J
— FNRT=8000.,"8S8C=137.,51,5 !
IDS2$CASE i
___ALYOBS(2)=58464¢66924y _ i
EAREA(1) = 73924, 04y day Moy !
e g
' 2$CASE
ALTOBS(2)=697BQ,BQCSO, _
EAREA(1)= 172930, 52276y 18562, , 6337 .,
» e i "28CASE B S T B
. ALTONBS(2)=1U037, 415074k S o )
EAREA(L) = L4 0355, 132309, , 47267, 1Kr?31,,
$
! $CASE
) o ALTOQS(Z)"10811. 1166224y ) o )
= EAREALLY= ~ 5079354., 15352, , 545234 y Ny, e
. . : .
C gGASE 7 B o T o
ALTOBS(2)=110764 417152,
EAREA(1)= 53211 064ke,y 16US4L4, , 370594, Ney
%
T$CASE I
ALTOBS(2)=11.17., 4170 3b,,
P TEAREA{1)=  535788., 16483, , 287¢ .y 1P5R3,, i
. . <
: $CASE B
 ALTOBS(2)=10810.,15620., - _ B N
L FIGIURE DS GN-3 IR SIGNATURE ENGINI ONLY INPUT DATA DK
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TR . ik aoe ol LaniE L SRR

N
1’!
EAREA(1) = 52436529, , 16583.,  17777.y 23714, o :
k3 .
_ SCASE , , 7 ¢
ALTOBS(2)=10593.,161 8k ¢y
__ EAREA(1) = 516435., _ 16422., 1L585,,  24857,, B
$
$CASE
ALTOBS(2)Y=870414912482,.,
) EAREA(1)= 363348,y 13200,  U78583.y 25357,
_ $CASE - o B -
ALTOBS(2)=82204, 114404y ) .
EARFA(L) = 324585, , 12 76ay 39472, , 24597, ,
3 i —
$CASE
T OALYOBS(2)=7078.,9166., 77 T
EAREA(1) = 2477974, 1417, , 4712, , 22545, ,
e GRREARLIE AT ey AW ey T - 2
$CASE |
ALTOBS (2)=6470e, 7300, - - ;
EAREA(1) = 196782., 7958, , 29514, 217 a3,, '
g 1 (0% . L ,
$CASE
T OALTOBS(2)=5530.,60A0,, T T
EAREAL1) = 116399,, 5 2.4 217054, 18680, , )
g
__ .$CASE . - S ) )
ALTOBS(2)=5424, 4H8LA,,
_EAREA(1Y=  107253,.,  Ueg 201264y 1RL77,
$
$CASE _ - -
ALTOBS(2)=1107h,,171%2,,
__EAREA(1)=_  S831164,, 1654, 577154, 1354S,, .
s :
_ _$CASE_TERM=,TRUF, ¢ )
FIGURE DS GN-3 IR SIGNATURE ENGINE ONLY INPUT DATA DECK cont'd.
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ALTORBS(1)=3%50004,0NGF (1) =4y AUTH,, 12157,
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S
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$CASE
_ALTORS(2)1=%5846,,h692., ) )
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$
FCASE T T
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S
T¢$CASE
_ RALYDBS(2)=11727,,415: Thay o o N
EAREA(1) = LL)355,, 13309,y 472674, 1sp20n0,,
g
T T 4CASE
ALTNBS(2)=17811.,15622.,
- EARE:.A( ) 507‘35'&., 15352: '77 - 5‘0523., ﬂ.,
g
ZCASE T T B
ALTNBS(2)=11076,,17152.,
T EBRREA{D = 531i64,., 160544, 370%%ay N,y
$
—gQASE o e - B
ALTOBS(?)-—ll 17. ’1, -"Iny
I:ERIE‘I) 3 ; i;., 16T83.1 EAI ey 1”5Q1.’ D
S
TTTTRCASE T T T . coT
ALTOBS(2)=1081M4,16020,,
T TEAREA(1)Y= = 528529., 1658%,, ~ i7?777., 21 u,, -
FTIGURE D6 GN-3 IR SIGNATURE INPUT DATA DVCK FOR Ov7
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%
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Vg 1
g—'%‘ 4
'4‘ ‘
. 1
i
!
g T eneimem S oo o s Zl
___$CAse e e e =
ALTOBS(2)=10593.,161 864, :
EAREA(L) = 516435, , 16422, , 10585, , 20557,
3
____SCASE
ALTOBS(2)=8741, y12482,. y
___EAREA(i}=  3B334B., _ 13260,  47453.,  25757.,
g
$CASE
ALTOBS(2)=8220.,1144",,
___ EAREA(1)= = 324095.,y  12076., 43342,y  2453%,,
kS
_ $CASE e
ALTOBS(2, .U78.,3156., i
A g :
- __ 3CASE S o A
AL TOBRIE ~0uTT ey TS ey
S EAREA{1)=  19678%., 79584 4 29501, , 24naz,, i
S L 19 3 _F968e¢y ey  21035.,
¢CASE }
ALTORBS(2)=557(, 1 H75D oy
- EAREA(1)= 116399, 5592, , 21086, , 18487, ,
e ) - 1b63T3«s 25 Y%ces 21USBBe, L 34BR.,
__ 8CASE S o
TALTODS(2Y=5420, 1 58L 8 4 ’ -
: EAREA(1)Y = 1172534 Do 201264, 18170, ,
. %
. $CASE R . e -
s ALYOBS(2)=11076,,1715%,,
5 . EAREA(1)= _ 531164ey = 16054s,  57015., 19540, , .
2
Ty $CASE TERM= TRUE, 3
] FIGURE D6 GN-3 IR SIGNATURE INPUT DATA DECK FOR ONE
o ENGINE PLUS AIRFRAMF cont'd.
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: FIGURE D8 (N-3 ONE ENGINE PLUS AIRFRAME IR.SIGNATURE
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| COPY AVAILABLE TO DDG DOES NOT
= PERMIT FULLY LEGIBLE PRODUCTION

*4% POINT SOURTE IR INTEMSITY *=»

: SPECTRAL BAND = 2.5% TO 3.0i 4INRGYS o
VEHICLE ALTITUDE -  1.52 XM N2 B0 KFT
ASPECT ANGLE - B74N DEGRITS TH A N0, ATMHIP4TIT,
- EFFECTIVE RUACK 90y ASER = ARy =z 1dnn.pnnn nwsy 777 7
« EFFECTIVE AR TFMOTRATIRE - a3 = 74a.0000 34K
' EFFECTIVE RACKGROUND TEMP - TRAGK = 290,0u00 NE5K
SLT RNG (XKM/NM) U/ 0. "~ 2.7 1. 7
08 ALT (KM/KFT) 2.7 5, ./ 11, , 1
x . 4
HOKGRND (W/STR) Beld?3 fe" 273 ?
= " METALS  (W/STR) bh, Tua3 G4, 0rAR o o ]
— ATY MET (W/STR) 39,0462 11,945 ‘
T ' PLM GAS (W/STR) 15,873 5e 7HEH
- EXY CMS (W/STR) 3665 -.CR3AH
T TTAPP RAD (W/STRY 50,2607  12.fe8z2 7 B
#%% DOINT SNURKE TR INTENSITY ®¢x
- ‘ INT SNDURGE IR INTENSITY *# L o 1
& SPECTRAL RAND © = 2,5. TN 3,." 4TI°RONS :
VEHICLES ALTITURDE - 1,57 YMo0p 5.7 KFT ) 1
ASPERT ANGLE = AR, NLLTEES TH A NOR, ATHMASDPATRI,
= EFFECTIVE 3LACK A0NY A2ATA - ARY = 2285, 1" ~ug) s ]
EFFECTIVE 30 TFYPCRMTURE -~ TN = 763, :0 10 NFaY
5 T EFFECTTIVE RACKGROUMD TEMO < TaaCK = 2ag.unun 0cs< T T T
T SLT RNG (KM/NM) A N A i
08 ALT I[KM/KFT) 2.7 5. 2.7 9. 1
- _____ BCKGRND (W/STR) 4, 0282 bonise ' 3
) METALS (W/STR) 90,4180  9qu, %150 T *
te ~ ATT MET (N/STR) 7h.071A P, 1242 q
. PLM GAS (H/STR) 14,763, 4y 2A29 '
EXT EMS (H/STR) V6737 1532
T APP RAD (W/STR) B7.9606 23,4221
i
FIGURE D8 GN-3 ONE ENGINE PLUS AIRFRAME IR.SIGNATURE
(SAMPLE) cont'd.

-D16-




i .
. ASPECT ANGLE TROM TAIL (DEG.)
100 90 80 70 60 50 40
= R S T L S A A SN \
s b A N4 v |
| -/ >_/ U {
——— ! L - ,I / /)‘\ I/’ s !. !
: SRR T R S S A .- 30
— . ! { . Jat e 4
. R R AN Sy ) :
P S A A Co e - |
v | ! ’ o .,/ . ’
R ! L AN RS i
AN 10+ RN | |
. V' . '1‘ /’-' ) ) /../ \ - .20
\ ' ’
. RANGE
- 12U - —~ T WM GCURCL \ 3
U, . ~— 1 NM !
; Con v e 10 |
_— 3 S \ - Y i
e Lo AT K
N A ) .
. \ — - N
| R . . ‘\ - ‘

- 180 —— - : - ,

IR SIGNATURE (WATTS/STER)
TARGET AT 5000.FT. ALTITUDE
IR BAND - (2.5-3.0pM)

—mERL
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